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Abstract 
Dinoflagellate cysts and other organic-walled microfossils have been studied in recent surface sediments from the entire 
Norwegian-Greenland Sea. More than 30 taxa have been recognized, of which only few show a distinct distribution pattern, and 
allow description of four assemblages. The occurrence of most taxa is related to the relatively warmer waters of the Norwegian 
Sea. Algidaspaeridium? minutum s.l., Brigantedinium simplex and Impagidinium? pallidurn are the only species showing a 
preference for colder water masses. Two species, I.? pallidurn and Nematosphaeropsis labyrinthus are mainly restricted to the 
oceanic environment, whereas the other species have also been reported from neritic environments in previous studies. Due to 
the limited knowledge of the ecological and sedimentological factors influencing the occurrence of dinoflagellate cysts in oceanic 
environments, their distribution in recent sediments can be only related to surface water masses in a broad sense. 
Although the distribution of assemblages correlates with specific surface water masses, comparison with assemblages recovered 
from sediment traps deployed basinwide in the Norwegian-Greenland Sea (Dale and Dale, 1992) revealed some major discrep- 
ancies in species composition and percentage abundances. The differences cannot be explained with certainty at the moment, 
although there is some evidence that transport of dinoflagellate cysts and other fossilizable microplankton in water masses by 
currents, in sea-ice and sediments may modify the assemblages found in recent oceanic surface sediments from the Norwegian- 
Greenland Sea. 
1. Introduction 
Knowledge of the distribution of fossilizable plank- 
tic organisms in recent surface sediments is still a pre- 
requisite for paleoecological and paleoceanographical 
studies of Quaternary sediments. The spatial extension 
of surface water masses, their hydrographical proper- 
ties and current systems may be reconstructed with the 
biogeographical and ecological information obtained 
from single taxa as well as complete assemblages. 
Dinoflagellate cysts and other organic-walled micro- 
fossils have seldom been used as proxy-indicators to 
reconstruct paleoenvironments (e.g. Dale, 1985; Gra- 
ham et al., 1990; Harland, 1988; Turon, 1980; Hillaire- 
Marcel and De Vernal, 1989; Scott et al., 1984), 
although they may provide valuable information in 
cold-temperate and polar regions such as the Norwe- 
gian-Greenland Sea, where siliceous and calcareous 
microfossils are exposed to extensive dissolution in the 
water column and sediments (e.g. Samtleben and 
Schrijder, 1992; Molina-Cruz, 1991; Koc Karpuz and 
Schrader,’ 1990). In particular, the Norwegian-Green- 
land Sea is an interesting area for paleoecological stud- 
ies because of strong west to east variations in ocean 
climate, ranging from polar ice-covered to relatively 
warm water environments (Fig. 1) . 
Previously, dinoflagellate cysts have been described 
from few sample&dllected in the Norwegian Sea (Wil- 
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Fig. 1. Schematic surface currents and distribution of sea-ice in the 
Norwegian-Greenland Sea (after Bourke et al., 1992; Johannessen, 
1986; Paquette et al., 1985; Swift, 1986). The maximum and mini- 
mum extent of sea-ice is indicated by broken lines. The location of 
sediment traps studied by Dale and Dale ( 1992) are marked by dots. 
The sediment traps Lofoten Basin (LB), Bear Island (EI) and Green- 
land Basin (GB) are referred to in this paper. (MR = Mohns Ridge; 
KR = Knipovitch Ridge.) 
liams, 1971; Harland, 1983), and the neritic environ- 
ments of the adjacent Barents Sea (Harland, 1982, 
1983), Norwegian fjords (Dale, 1976; Wall et al., 
1977) and coastal areas around the British Isles (Reid, 
1972, 1974, 1975, 1977). Distribution patterns are 
known in more detail from the North Atlantic Ocean 
(Williams, 1971; Wall et al., 1977; Turon, 1980; Har- 
land, 1983; Mudie, 1992), Labrador Sea (Mudie and 
Short, 198.5; Mudie et al., 1990; Mudie, 1992) and the 
Arctic Ocean (Mudie, 1992). 
The distribution of dinoflagellate cysts in the water 
column has been studied by means of sediment traps 
deployed in the Norwegian-Greenland Sea (Dale and 
Dale, 1992), whereas living cysts have only been 
reported from coastal waters and sediments of the west- 
em and eastern North Atlantic continental margin 
(Dale, 1983). 
Therefore, this study intends to improve the general 
knowledge of the occurrence and distribution of recent 
dinoflagellate cysts in neritic and oceanic sediments 
from the Norwegian-Greenland Sea. Special emphasis 
has been placed on the sediments off of East Greenland 
because polar environments have been studied in only 
a few investigations before (e.g. Mudie, 1992). The 
major trends of dinoflagellate cyst distribution patterns 
are described and compared with previous studies con- 
ducted in the Norwegian Sea and adjacent ocean areas 
in order to clarify the ecological preferences of indi- 
vidual species. A correlation of assemblages to surface 
water masses is attempted and their general distribution 
is related to other fossilizable calcareous and siliceous 
microplankton groups. Finally, the distribution and 
occurrence of species is compared with investigations 
on sediment traps (Dale and Dale, 1992) in order to 
discuss the causes of dinoflagellate cyst occurrence in 
the oceanic sediments. 
2. Material and methods 
2.1. Lithology and ages of recent sediments 
Surface sediments have been sampled from large box 
cores which were taken on several research cruises to 
the Norwegian-Greenland Sea (Table 1). An almost 
uniform sample coverage has been achieved except for 
in the southeastern Norwegian Sea (Fig. 2). Thus, the 
major features of dinoflagellate cyst distribution can be 
described. 
The sediments are generally composed of hemipe- 
lagic muds comprising different lithogenic and bio- 
genie components (Kellogg, 1975). They can consist 
of both clay with a highly variable biogenic carbonate 
content (from almost 0% to 60%)) due mainly to for- 
aminifera, as well as of clay with a variable terrigenous 
silt and sand content derived from melting sea-ice (Kel- 
logg, 1975). Paleoecological studies on cored sedi- 
ments are generally undertaken on sediments sampled 
as 1 cm slices. Therefore, the upper centimetre has 
consistently been sampled in these cores in order to 
enable application of the results to these standard meth- 
ods. 
The upper centimetre of the surface sediment is con- 
sidered to represent recent sediments. Bioturbation and 
variable modern sedimentation rates certainly affect 
their composition and age. Sedimentation rates can 
vary considerable over short distances. Stations on the 
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Table I 
Sample and station numbers, locations and water depths of samples 
Sample Cruise Station no. Geographical position Water 
IIO. depth 
Longihlde Latitude (m) 
I Polarstern PS 1238 66059.6’~ 007”45.1’w 989 
2 ARK III5 PS 1241 68”18.1’N 003”38.5’W 1871 
3 PS 1244 69”21.9’N 008”4O.O’W 2126 
4 PS 1246 69”246’N 012”55.2’W 1904 
5 PS 1248 70”OO.l’N 021”068’W 507 
6 Pnlarstern PS 1290 78”00.4’N 008”43.0’E 1525 
7 ARK III/3 PS 1293 77”59.9’N 006’41.1’E 2464 
8 PS 1295 71”59.4’N 002026.8’~ 3112 
9 PS 1297 77”.59.8’N OOl”O2.8’W 305 1 
10 PS 1302 78”37.0’N Oll”O2.1’W 175 
II PS I303 78”59.6’N 013”55.9’W III 
12 PS 1306 80”01.3’N 01 l”32.7’W 79 
13 PS 1307 79”58.5’N 007”52.8’W 208 
14 PS 1308 80”Ol.l’N txw49.9’W 1450 
15 PS 1310 79”59.1’N OOO”52.I’W 268 1 
16 PS 1312 80%0.4’N 001”11.2’E 3695 
17 PS 1314 80”OO.O’N CO4”29.8’E 1384 
18 PS 1315 79”24.2’N OOl”47S’E 694 
19 PS I323 65029.8’~ 003vo.3’~ 2985 
20 Meteor 2 23037 65”30.9’N OOO”O6.7’W 3062 
21 23058 69”30.0’N 003”CO.l ‘E 3276 
22 2307 I 67”05.1’N 002”54.4’E 1306 
23 Poseidon 146 16393 62”31.4’N 009”57.6’W 588 
24 Meteor 7 23254 73”03.3’N 009”44.6%. 2266 
25 23257 74”52.8’N 01 l”08.3’E 2482 
26 23258 74Y9.8’N 013”57.5’E 1173 
27 23259 72”02.l’N 009”15.9’E 2518 
28 23260 72”08.2’N 01 l”27.1 ‘E 2089 
29 23261 72”10.9’N 013”06.1’E 1626 
30 23262 72”13.5’N 014”25.6’E 1130 
31 23264 71”12.2’N 015”50.O’E 1676 
32 23266 71”59S’N 007”29.3’E 2768 
33 23267 72%0.4’N 004O59.2’E 2974 
34 23269 71”26.3’N OOO”39.8’E 2872 
35 23270 73”lO.O’N OOO”48.7’W 2755 
36 23271 72”02.3’N COO”36.9’W 2697 
31 23219 72”03.6’N OOO”13.3’W 3099 
38 23289 72”22.6’N OOl”48,O’E 3309 
39 23291 72”23.6’N OOl”30.8’E 3177 
40 23293 72”37.3’N 006”35.5’W 2574 
41 23294 12”22.0’N OlO”35.7’W 2224 
42 23295 71”09.9’N 005”52.3’W 1553 
43 23291 70”CQ7’N OCO”O4.8’E 3295 
44 23298 68”19.5’N OOl”29.1’E 2755 
45 23301 67”00.4’N 007”45,5’E 981 
46 23302 66”53. I ‘N OO8”02,2’E 614 
47 23330 67”41.5’N 005”52,2’E 1312 
48 23341 70”57.2’N 005”33.3’W 1731 
49 23342 71”37.7’N 008”25.O’W I958 
50 23343 72”13.2’N 012”59.O’W 2408 
Sample Cruise 
no. 
Station no. Geographical position Water 
depth 
Longitude Latitude (m) 
51 
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73 
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83 
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Polars*twl 
ARK V/3A 
Poseidon 158 
Polarstem 
ARK VI/2 
23344 
23346 
23347 
23348 
23349 
23350 
23351 
23352 
23353 
23354 
23359 
PS 1696 
PS 1697 
PS 1698 
PS 1699 
PS 1700 
PS 1701 
PS 1702 
PS 1703 
PS 1704 
PS 1706 
PS 1707 
PS 1708 
PO 158-407 
PO 158.414 
PO 158-423 
PO 158-424 
PO 158-431 
PO 158-432 
PO 158.434 
PO 158-45 1 
PS 1736 
PS 1737 
PS 1738 
PS 1742 
PS 1743 
PS 1744 
PS 1745 
PS 1747 
PS 1748 
71”44,1’N 015”35.2% 
71”17.5’N 014”04.2’U 
70”26.5’N 016”04,6’H 
70’=24.7’N 018”56.6%’ 
70”23.3’N 020”12.O’W 
70”23.6’N 019”19.9’W 
70”21.4’N 018”12,5’W 
70”00.5’N 012”25.5’W 
70’=34.l’N 012=‘43.7’W 
70’20.l’N OlO”37.5’W 
65”31.8’N 004”09.O’W 
73”31.l’N 009”ll.O’W 
73’45.l’N OlO”28.5’W 
74-Y 1.5’N 014”28,2’W 
74”25.6’N OlS”18.7’W 
72”39.7’N 017”50,7’W 
74”24.4’N 017”32.3’W 
74”49.9’N 009”46.5’W 
79”45.3’N 014”21.6’W 
78”24.5’N OOl”03.5’E: 
74”15.0’N OlO”O3.5’W 
72”37.O’N 013”50.4’W 
71”48.7’N 012”34.2’W 
67”55.5’N 018”21.7’W 
69”01.9’N 018”01.2’W 
69”11.8’N 016’49.2’W 
69”10.3’N 016”31.4’W 
68”35.1’N 016”50.7’W 
68”38.2’N 017”09.5’W 
68”56.7’N 017”32.5’W 
68”10.3’N 018”18.O’W 
74”19.6’N 005”l l.O’W 
73”44.5’N 014’52.8’W 
7Y19.9’N 01 l”33.9’W 
74”57.6’N 004”~1.3’W 
76”47.6’N 005”34.7’W 
76”55.3’N Oo6°01.2’w 
77”45.0’N Wl”OO.l’E 
77”59.4’N 004”33.0’ w 
75”31.4’N ooo”49.5’w 
I094 
1209 
I235 
740 
309 
397 
I679 
1822 
1401 
I745 
2821 
235 
3050 
877 
311 
217 
236 
3227 
76 
1195 
3011 
2118 
1298 
704 
1250 
950 
489 
522 
1307 
1568 
725 
3467 
1777 
1043 
3636 
1695 
1063 
3131 
2032 
I730 
Voring Plateau which are only some 30 km apart 
exhibit rates ranging from I to 20 cm per 1000 years 
(Jensen et al., 1992) and can exceed more than 50 cm 
per 1000 years along the Norwegian continental margin 
(Blaume, 1992). Surface sediments from shelf areas 
are more problematic because in some places Holocene 
sediments form only a thin layer overlying late Pleis- 
tocene sediments (e.g. Norwegian shelf and slope, Jan- 
sen and Bjiirklund, 1985), which probably causes 
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Fig. 2. Location of surface sediment samples. 
incorporation of a late glacial signal in Holocene sed- 
iments. 
Bioturbation mixes older sediments with freshly 
sedimented particles. Today, the upper 10 cm of sedi- 
ment in the Norwegian Sea is strongly affected by bio- 
turbation (Romero-Wetzel, 1989a). In particular, the 
surface layer (O-2 cm) is intensively mixed. Addition- 
ally, benthic organisms may rapidly transport freshly 
sedimented particles such as coccospheres and loricae 
of tintinnids from the sediment surface down to some 
centimetres (up to 9-10 cm) depth on the Vijring Pla- 
teau (Graf, 1989; Romero-Wetzel, 1989a, b; Jensen et 
al., 1992). Therefore, surface sediments contain only 
a smoothed record of considerable time. Radiocarbon 
dating of recent sediments from the Norwegian-Green- 
land Sea confirms this assumption. They yielded ages 
between 520 years (Fram Strait; Jones and Keigwin, 
1988) and 1290 to 2545 years (Viiring Plateau and Jan 
Mayen Fracture Zone; Vogelsang, 1990)) suggesting 
that most surface samples are of late Holocene age. 
2.2. Processing methods 
Samples were freeze-dried and the fraction > 150 
pm was removed by wet sieving before any chemical 
treatment was applied. Samples were usually treated 
with cold acids (HCl, HF) to dissolve carbonates and 
silicates. After each acid treatment, the residue was 
further concentrated by sieving with 10 pm polyester 
gauze. No oxidation was applied in order to prevent the 
loss of more fragile peridinioid cysts (Dale, 1976). 
Spores of Lycopodium clavatum were added in order 
to calculate the absolute concentrations (cyst/gramme 
dry sediment) according to the method of Stockmarr 
( 197 1) . Strew slides of the final residue were prepared 
and analysed under the light microscope. 
2.3. Analysis of assemblages 
Variable numbers of dinoflagellate cysts were 
counted depending on the diversity of the samples 
(Appendix 1). In general, the richest samples were 
obtained from the Norwegian Sea, whereas samples 
from the east Greenland shelf only contained few dino- 
flagellate cysts. Only taxonomic groups which have 
been used in previous investigations are distinguished 
in this study. The biological nomenclature of dinoflag- 
ellates has been used if the cysts have not been 
described paleontologically. Taxonomic comments 
have been added in order to clarify the definition of 
taxonomic groups used here. The species are listed in 
alphabetic order. 
Distribution maps have been drawn only for species 
and genera which usually comprise more than 1% of 
the assemblages. The distributions of sporadically 
occurring species are described in Matthiessen ( 199 1). 
Contours were drawn on the following intervals: O-l % 
(present), l-10% (rare), lO-30% (common), 30- 
60% ( abundant) and > 60% (dominant). The interval 
“present” also includes barren samples if the taxon 
was found in the adjacent samples. These taxa may 
have also been recorded in the barren samples if a larger 
number of dinoflagellate cysts were counted. 
3. Taxonomy and distribution of individual 
species and genera 
Algidasphaeridium? minutum s.1. (Harland and 
Reid, in Harland et al., 1980) Matsuoka and Bujak, 
1988 (Plate I, l-4, 7) 
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Taxonomic notes: This taxon consists of various 
morphotypes of spherical brownish cysts which are 
covered by numerous processes. The characteristic A.? 
minutum has simple, slightly conical, slender solid 
processes which are hollow at the base (Plate I, l-3). 
Process tips are difficult to discern under the light 
microscope but appear to be variable (minutely capitate 
or acuminate), whereas Harland et al. ( 1980) have 
only reported aculeate process tips on the holotype. 
Otherwise, the observed specimens resemble the holo- 
type in size and shape. The length of processes is var- 
iable (Plate I, 2, 7), which has also been shown by 
Mudie ( 1992; pl. 2, figs. 9, 14). 
An archeopyle has been observed on few specimens 
(Plate I, 1). It probably consists of two intercalary 
paraplates (?2a, ?3a; cf. also Mudie, 1992; pl. 2, figs. 
6-8). It has been demonstrated that cysts of protoper- 
idinioid species can have an intercalary archeopyle 
consisting of two paraplates (e.g. Protoperidinium sp. 
1; Belch and Hallegraeff, 1990), an apical archeopyle 
(e.g. P. americanum; Lewis and Dodge, 1987)) or even 
a more complex archeopyle (Wall et al., 1977, pl. 1). 
Therefore, this morphotype is probably the cyst of a 
peridinioid dinoflagellate. 
This taxon probably contains two other morphotypes 
(cf. Mudie, 1992). The only distinct morphological 
features which might allow separation from A.? minu- 
turn are size and shape of processes. Archeopyle struc- 
ture and shape cannot be observed clearly on any of 
these morphotypes. Some specimens might have a slit- 
like (chasmic) archeopyle resembling cysts of Pheo- 
polykrikos hartmannii Matsuoka and Fukuyo ( 1986). 
This morphotype could not be clearly identified in this 
study. Matsuoka ( 1985) noted that this species is sim- 
ilar to A,‘? minutum, differing only in archeopyle style 
and type of processes. P. hartmannii should have short 
conical processes with a striate base whereas A.? min- 
utum has slender acuminate ones. The third morpho- 
type appears to be smaller than the other morphotypes 
and has more complex bifurcate to branched processes 
(Plate I, 4). No archeopyle has been observed. This 
form is similar to A.‘? minutum var. cesare De Vernal 
et al. (1989) and is found together with A.? minutum 
in most samples. 
These morphotypes were lumped during this study 
in order to enable comparison with previous studies 
(e.g. Mudie, 1992) which reported all these morpho- 
types as A.? minutum. 
Ecology: A.? minutum s.1. is mainly restricted to the 
East Greenland continental shelf and slope, where it is 
usually abundant to dominant (max. 73%) on the outer 
shelf, decreasing significantly in abundance to the east 
(Fig. 3). It is rare in samples from Fram Strait and the 
East Iceland Sea and is sporadic in sediments from the 
Norwegian Sea. The distribution in surface sediments 
corresponds roughly with the predominant occurrence 
of A. minutum in sediment traps from the Greenland 
Sea and Fram Strait (Dale and Dale, 1992), 
This taxon has been recorded from neritic and oce- 
anic environments of the Arctic Ocean (Mudie, 1992)) 
Barents Sea (Harland, 1982)) Labrador Sea and Baffin 
Bay (Mudie and Short, 1985; Mudie et al., 1990; 
Mudie, 1992). However, it is abundant to dominant 
only on continental shelves and slopes, suggesting that 
it is restricted to neritic polar to subpolar regions. 
Brigantedinium spp. Reid, 1974 (Plate I, 5, 6) 
Taxonomic notes: Spherical brown protoperidinioid 
cysts have been grouped together because most speci- 
mens could not be identified to species level. In this 
investigation Brigantedinium simplex (Wall, 1965) 
Reid, 1977, B. cariacoense (Wall, 1967) Reid, 1977 
and cysts of Protoperidinium americanum (Gran and 
Braarud, 1935) Balech, 1974, P. denticulatum (Gran 
and Braarud, 1935) Balech, 1974 and P. punctulatum 
(Paulsen, 1907) Balech, 1974 have been recognized. 
Most specimens (approximately 30-50%) which 
could be unequivocably identified belong to B. simplex, 
whereas only single specimens of the other species have 
been found. 
Ecology: The distribution pattern of this genus is 
similar to that of A.? minutum s.1. Brigantedinium spe- 
cies are abundant to dominant on the East Greenland 
shelf (max. 86%) and decrease significantly eastwards 
on the continental slope (Fig. 3). They are rare to 
common in sediments from the central Iceland and 
Greenland seas, the Norwegian Sea and the Barents 
Sea (Harland, 1982) and the Norwegian shelf and 
fjords (Dale, 1976; Wall et al., 1977). Dale (1983) 
reported living spherical brown protoperidinioid cysts 
from all environments in the Atlantic region, whereas 
B. simplex is only found in cold-temperate and polar 
environments. In contrast to what is found for surface 
sediments, these species are the dominant taxa in sed- 
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iment traps from the Norwegian Sea (Dale and Dale, 
1992). 
Although spherical brown protoperidinioid cysts are 
important components in various environments (e.g. 
Wall et al., 1977), they may indicate polar neritic to 
oceanic conditions (Fig. 3) if they are dominated by 
B. simplex (cf. Dale, 1985). This is in agreement with 
observations from the Labrador Sea (Mudie and Short, 
1985; Mudie et al., 1990) and the eastern Arctic Ocean 
(Mudie, 1992). 
Impagidinium? pallidum Bujak, 1984 (Plate I, 8, 9) 
Taxonomic notes: This species was questionably 
included in Impagidinium by Mudie ( 1986) because 
the paratabulation of the species could not be deter- 
mined. Specimens of I.? pallidum which are figured in 
Mudie (1992; pl. 4, figs. 10-13, 15) have a Zmpagidi- 
nium type morphology. In the Norwegian-Greenland 
Sea, the observed specimens usually show parts of the 
paratabulation. Details of the paratabulation confirm- 
ing the definite assignment to Impagidinium have not 
been recognized. 
Ecology: This species is almost restricted in its dis- 
tribution to the Iceland and Greenland Seas (Fig. 3)) 
where it generally exceeds 25% and attains its maxi- 
mum in the centre of those seas (39.5%). The per- 
centage abundances decrease significantly towards the 
continental slope off east Greenland and the mid-ocean 
ridges (Mohns and Knipovitch Ridges). It rarely com- 
prises more than 1.5% in eastern Fram Strait, on the 
east Greenland shelf and in the Norwegian Sea. Sedi- 
ment trap studies revealed that Z.?pallidum is the dom- 
inant species in the northern Greenland Sea and Fram 
Strait (Dale and Dale, 1992). 
Recent specimens of I.?pallidum have been recorded 
before only from oceanic sediments from the eastern 
Arctic Ocean (Mudie, 1992), where it attains similar 
abundances as in the Greenland and Iceland seas. 
Therefore, it may be considered as an endemic oceanic 
species of polar and subpolar water masses which are 
seasonally ice-covered but are still influenced by Atlan- 
tic water masses. Dale and Dale ( 1992) suggested that 
it is adapted to extremely cold oceanic waters ( - 1” to 
+ 4°C) which is supported by hydrographic measure- 
ments conducted in the Greenland Sea and Arctic 
Plate I 
Numbers in parentheses are slide number and England Finder coordinates. Scale bar is 20 pm. Interference contrast ( l-7, 12-15, 17, 18); phase 
contrast (8-11, 16). 
Algidasphaeridium? minutum s.1. 
1. station ME 23348 (6; 0 32/ l-2) : archeopyle in focus, high focus. 
2. station ME 23348 (6; 0 32/l-2): process length ca. 5 pm, optical section. 
3. station ME 23348 (6; 0 32/l-2): surface ornamentation, low focus. 
4. station ME 23348 (2; K 42): cf. A.? var. ceeare. 
7. station PS 1308 (1; Z 37/l): process length ca. 13 pm. 
Brigantedinium simplex 
5. station PS 1308 ( 1; S 44/2): archeopyle in focus, high focus. 
6. station PO158-407 (1; P 32): surface degraded, high focus. 
Impagidinium? pallidurn 
8. station PS 1246 (1; P 33/l): orientation unknown, high focus. 
9. station PS 1246 ( 1; P 33/ 1) : orientation unknown, optical section. 
Nematosphaeropsis labyrinthus 
10. station ME 23298 ( 1; 0 42): orientation unknown, high focus. 
1 I. station ME 23298 ( 1; 0 42) : orientation unknown, optical section. 
Operculodinium centrocarpum 
12. station PS 1315 (1; U 37/ 1): optical section, process length ca. 10 pm. 
13. station hIE 23348 ( 7; 0 30/ 1) : optical section, process length ca. 4 pm. 
14. station ME 23302 (S 34/3) : optical section, process length ca. 2 pm. 
Spiniferites elongatus s.1. 
15. station ME 23353 ( 1; H 40/l): high focus. 
18. station ME 23353 (1; H 40/ 1): low focus. 
Halodinium minor 
16,stationPS1306(1;T30). 
Peridinium faeroense 
17. station PO 158-451 (1; U 35): optical section. 
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Ocean (Dietrich, 1969; Koltermann and Liithje, 1989; the Greenland and Iceland seas (Fig. 4a), the subpolar 
Anderson and Jones, 1992)) where it attains maximum gyre (Harland, 1983; Mudie and Short, 1985; Mudie 
abundances in surface sediments. Those regions are et al., 1990; Mudie, 1992) and the eastern Arctic Ocean 
also characterized by slightly reduced normal-marine (Mudie, 1992)) suggesting that it is rather a cold-tem- 
salinities (33-35%0), which might be an additional perate to subpolar opportunistic species which might 
important ecological parameter influencing its occur- tolerate salinity fluctuations on the order of 4-6%0 
rence. (Wall et al., 1977). 
The only other species of Impagidinium which has 
been unequivocably identified is I. sphaericum (Wall, 
1967) Lentin and Williams, 1981. It is usually present 
in surface sediments from the Norwegian-Greenland 
Sea (Matthiessen, 1991). Similarly, it has been found 
sporadically in sediment traps from the Norwegian Sea 
(Dale and Dale, 1992). 
Operculodinium centrocarpum (Deflandre and Cook- 
son, 1955) Wall, 1967 (Plate I, 12-14) 
Nematosphaeropsis labyrinthus (Ostenfeld, 1903) 
Reid, 1974 (Plate I, 10, 11) 
Taxonomic notes: This taxon might include different 
morphotypes (cf. Mudie in Head and Wrenn, 1992; see 
also Wrenn, 1988), which were not clearly separated 
in previous studies up to now. Specimens from the 
Norwegian-Greenland Sea show some variations in 
diameter of the cyst, length of processes and form of 
trabeculae, although a clear distinction into separate 
categories is almost impossible due to the often folded 
condition of the delicate cysts. 
Taxonomic notes: Processes are usually well-devel- 
oped on most specimens (Plate I, 12)) but morphotypes 
with short processes have been found (Plate I, 13). 
Processes may be even reduced to nodules (Plate I, 
14). Similar morphotypes have been reported previ- 
ously (cf. Harland, 1973; Wall et al., 1977; De Vernal 
et al., 1989; Mudie, 1992). 
Ecology: N. labyrinthus has an almost uniform distri- 
bution in the oceanic surface sediments from the Nor- 
wegian--Greenland Sea (Fig. 4) and in sediment traps 
from the Norwegian Sea (Dale and Dale, 1992). The 
percentage abundances slightly increase from the Nor- 
wegian Sea westwards to generally more than 15% in 
the Greenland and Iceland seas. The maximum abun- 
dances are obtained in the centres of the Greenland and 
Iceland seas (31% and 41%, respectively). It is only 
rare to present in samples from the southeastern Nor- 
wegian Sea and the east Greenland shelf as well as the 
Barents (Harland, 1982)) the Norwegian (Dale, 1976; 
Wall et al., 1977) and the northwest European shelf 
seas (Reid, 1972; Dale, 1985). 
Ecology: 0. centrocarpum is an ubiquitous species 
which is rare only on the northern East Greenland con- 
tinental shelf (Fig. 4). It dominates assemblages in the 
Norwegian Sea (max. 87%)) clearly decreasing in per- 
centage abundance towards the Iceland and Greenland 
seas. Distinct changes occur across the Mohns and Kni- 
povich Ridges and the East Greenland continental 
slope. In the centre of the Iceland and Greenland seas 
it exhibits a local minimum. In contrast to what is seen 
in the recent bottom sediments, it is always rare to 
common in sediment traps (Dale and Dale, 1992). 
0. centrocarpum is common to dominant on the 
Barents shelf (Harland, 1982)) the Norwegian (Dale, 
1976; Wall et al., 1977) and the northwest European 
continental shelves (Reid, 1975; Dale, 1985). Living 
cysts occur in polar to tropical coastal environments 
(Dale, 1983). 
These observations confirm that N. labyrinthus is 
restricted to the outer neritic to oceanic environments 
(Wall et al., 1977). It has been considered a cosmo- 
politan species (Wall et al., 1977; Harland, 1983), but 
higher percentage abundances ( > 30%) have been 
recorded only from the centre of the cyclonic gyres in 
0. centrocarpum has previously been interpreted as 
an opportunistic neritic cosmopolitan species (Wall et 
al., 1977), but since then it has been frequently 
recorded also from oceanic sediments in the North 
Atlantic region (e.g. Harland, 1983). It appears to tol- 
erate large fluctuations in temperature and salinity 
(Dale, 1985) and thus must be considered as an eury- 
thermal as well as euryhaline species (Wall et al., 
1977). It is also found in the Arctic Ocean (Harland et 
al., 1980; Mudie, 1992)) but it is particularly common 
to abundant in warm and cold-temperate regions (Reid, 
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1974; Dale, 1976; Harland, 1983; McMinn, 1990, 
McMinn, 199 1) . 
Peridinium fueroense Paulsen, 1905 (Plate I, 17) 
Taxonomic notes: The relationship of this acritarch 
to the dinoflagellate P. fueroense was shown by Dale 
( 1977). A distinct archeopyle has not been observed 
and Dale ( 1977) assumed that excystment occur by a 
simple splitting of the cyst wall. Despite the predomi- 
nance of this cyst type in samples off Iceland an archeo- 
pyle was not recognized on any specimen. 
Ecology: P. fueroense is recorded from most samples 
except for those from the northeastern Greenland con- 
tinental shelf, but it is abundant to dominant only on 
the north Iceland shelf, on the Iceland-Faeroe Ridge 
(Fig. 4)) and in Trondheimsfjord (Dale, 1976). 
A distinct decrease was observed downslope from 
the shelf and slope off North Iceland and the Iceland- 
Faeroe Ridge (max. 94%). Most samples from the 
deeper parts of the Norwegian-Greenland Sea contain 
less than 5%. It is found in all sediment traps from the 
Norwegian-Greenland Sea but only the sediment trap 
deployed off Bear Island contained significant amounts 
of P. fueroense (Dale and Dale, 1992). 
P. fueroense has been reported only from fjords and 
embayments of the western and eastern North Atlantic 
and north Pacific (Dale, 1976, 1977, 1985). Living 
cysts have been found in coastal zones in the polar and 
cold-temperate regions of the northern North Atlantic 
(Dale, 1983). Therefore, this species has its centre of 
distribution in the neritic realm of cold-temperate 
regions. 
Spiniferites spp. (Mantell, 1850) Sarjeant, 1970 (Plate 
I, 15, 18) 
Taxonomic notes: Spiniferites cysts are figured only 
as two separate categories because often specimens 
could not be identified to species level due to bad pres- 
ervation or orientation. Among other species of Spini- 
ferites, only S. elongutus s.1. Reid, 1974 (Plate I, 15, 
18)) S. lazus Reid, 1974, S. membrunaceus (Rossignol, 
1964) Sarjeant, 1970 and S. mirubilis (Rossignol, 
1963) Sarjeant, 1970 have been observed relatively 
frequently. S. elongutus s.1. is more abundant and 
shows a consistent distribution pattern. This taxon 
includes S. elongutus Reid, 1974, S. cf. S. elorzgutus 
(Harland and Sharp, 1986)) and S. frigidus Harland 
and Reid in Harland et al., 1980 and morphotypes inter- 
grading between these. 
Ecology: This genus comprises usually less than 3% 
to the assemblages (Fig. 4). In the Norwegian Sea, 
Spiniferites spp. increase generally eastwards to the 
Barents Sea, where it is common to abundant (Harland, 
1982). Otherwise, it is usually rare to common on the 
Norwegian continental shelf (Dale, 1976) and com- 
mon to dominant around the British Isles (Reid, $974). 
In contrast, samples from the northern East Greenland 
continental shelf are barren of Spiniferites species. Spi- 
niferites spp. are usually rare in sediment traps from 
the Norwegian Sea and absent from the Fram Strait and 
Greenland Sea (Dale and Dale, 1992). 
The distribution pattern of S. eZongatus s.1. in the 
northeastern Norwegian Sea, Fram Strait and the west- 
ern Greenland Sea is similar to that of the genus (Fig. 
5), with percentages up to 2% (max. 3.2%)) whereas 
it is common to abundant on the inner Barents shelf 
(Harland, 1982). It is almost absent in samples from 
the East Greenland continental shelf. Living cysts have 
been found only in cold-temperate coastal environ- 
ments (Dale, 1983). S. elongutus S.S. has been recorded 
only in sediment traps from the Norwegian Sea (Dale 
and Dale, 1992). 
Spiniferites spp. are considered a cosmopolitan 
group which is usually found in neritic environments 
from tropical to polar regions (Wall et al., 1977; Dale, 
1983; Harland, 1983)) while S. elongutus is considered 
a cold-temperate to polar species (Dale, 1983) ,, 
Several other species have generally been recorded 
in percentage abundances less than 1% or have been 
found as a single specimen (Matthiessen, 1991) . Some 
of these species which occur in a larger set of samples 
include Ataxiodinium chounum Reid, 1974, Bitectuto- 
dinium tepikiense Wilson, 1973 and Polykrikos 
schwurtzii Biitschli, 1873, which are cold-temperate 
species (Wall et al., 1977; Dale, 1983; Harland, 1983) 
and Multispinula quanta Bradford, 1975 and Trinovun- 
tedinium cupitutum Reid, 1977, which have been found 
in tropical to cold-temperate regions (Dale, 1983). 
These species occur more persistently in the Norwegian 
Sea and are almost absent on the East Greenland con- 
tinental shelf and in the central Iceland and Greenland 
seas (Matthiessen, 1991). 
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Additionally, acritarchs and chlorophycean algae 
(Cymatiosphaera, Halodinium, Pediastrum) which 
have been only identified to genus level, have been 
recorded in the surface sediments from the Norwegian- 
Greenland Sea. However, only the distribution of the 
more abundant genus Halodinium is outlined here 
because the other genera are only sporadically recog- 
nized in the Greenland and Iceland seas (Matthiessen, 
1991). 
Halodinium spp. Bujak, 1984 (Plate I, 16) 
Taxonomic notes: Specimens of this taxon show 
some variability in the diameter of the body but usually 
fall into the size range which has been described for H. 
minor Bujak, 1984. 
Ecology: The percentage abundances are expressed 
as percentages of all dinoflagellate cysts, in order to 
separate this taxon, whose biological affinity is 
unknown. This genus is common to dominant in sedi- 
ments from the east Greenland continental shelf, the 
western Iceland Sea and the central Greenland Sea, 
whereas only single specimens have been found in the 
southern Norwegian Sea (Fig. 5). 
The genus has been reported before from polar 
(Mudie, 1992) as well as warm-temperate environ- 
ments (McMinn, 1991). Mudie ( 1992) suggested that 
Halodinium spp. may indicate strong fluvial input in 
polar environments and McMinn ( 1991) reported Hal- 
odinium major Bujak, 1984 from estuaries in southeast 
Australia. 
The occurrence of Halodinium is probably related to 
low salinity environments. The distribution pattern 
suggest that H. minor may be associated with the sea- 
sonal ice-cover in the Greenland and Iceland seas where 
it is deposited from the melting sea-ice in spring/sum- 
mer. H. major is probably restricted to temperate envi- 
ronments. 
4. Concentrations of dinoflagellate cysts 
Concentrations are expressed in the range of one 
order of magnitude. In general, they decrease from the 
Norwegian Sea to the Greenland and Iceland seas, 
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sediment. 
obtaining lowest values on the East Greenland conti- 
nental shelf (Fig. 6). The calculated concentrations for 
samples from the Norwegian Sea are comparable to 
estimates of Williams ( 197 1) for the same region. 
Maximum values were calculated for samples 
located along the outer continental shelf and slope off 
Norway, the Barents Sea and off Iceland, confirming 
that dinoflagellate cysts tend to obtain their highest 
values in slope-rise sediments of temperate waters 
(Wall et al., 1977). This seems to be characteristic only 
for temperate to subarctic regions because concentra- 
tions along the polar East Greenland continental shelf 
do not exhibit this trend. 
When comparing with the distribution pattern of 
individual species, it is obvious that fluctuations cor- 
relate with the percentage abundances of 0. centrocar- 
pum and P. faeroense. In the Norwegian Sea high 
concentrations (max. 49,833/g off Barents Sea) are 
related to 0. centrocarpum and subordinately to P. 
faeroense, whereas on the Iceland-Faeroe Ridge and 
off North Iceland, fluctuations (max. 81,659/g off 
North Iceland) are due mainly to changing concentra- 
tions of P. faeroense. Other species do not show sig- 
nificant trends in concentrations. A general decrease to 
the west correlates well with a decrease in percentage 
abundances of 0. centrocarpum from the Norwegian 
Sea to the Greenland and Iceland seas. 
5. Dinoflagellate cyst assemblages and water 
masses 
5.1. Regional distribution and species composition of 
dinoflagellate cyst assemblages 
Assemblages can be easily defined because most 
samples are dominated by either one or two species. 
The abundant species at each site have been selected to 
calculate four distinct assemblages. These species com- 
prise 0. centrocarpum, P. faeroense, I.? pallidurn, N. 
labyrinthus, Brigantedinium spp. and A.? mint&urn s.1. 
The percentage abundances of I.‘?pallidum and N. laby- 
rinthus, and Brigantedinium spp. and A.? minutum s.1. 
have been added to define assemblages because they 
occur in the same assemblages from the East Greenland 
Shelf and the oceanic part of the Norwegian-Greenland 
Sea, respectively. These assemblages have a restricted 
geographic distribution (Fig. 7) corresponding to 
neritic and oceanic environments. 
Assemblage 1 from the Norwegian Sea is dominated 
by 0. centrocarpum ( > 60%) with minor amounts of 
N. labyrinthus, P. faeroense and Spiniferites spp. (Fig. 
7). This assemblage has the highest diversity. Assem- 
blages with a distinct dominance of 0. centrocarpum 
have been reported mainly from the Norwegian Sea 
and adjacent shelf areas (Williams, 1971; Dale, 1976, 
1985; Wall et al., 1977; Harland, 1982, 1983), the 
North Atlantic (Wall et al., 1977; Harland, 1983; 
Mudie, 1992) as well as from the Labrador Sea (Mudie 
and Short, 1985; Mudie, 1992). 
Some dinoflagellate cyst species which are present 
in a large set of samples are almost restricted to the 
assemblages from the Norwegian Sea (Matthiessen, 
1991). A. choanum, B. tepikiense, T. capitatum and P. 
schwartzii are found in these assemblages, whereas I. 
sphaericum and M. quanta appear also sporadically in 
the Greenland and Iceland seas. 
Assemblage 1 might be further subdivided because 
samples from the Norwegian and Barents slope, as well 
as the Norwegian shelf and Skagerrak (Dale, 1976, 
1985), contain higher abundances of P. faeroense 
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Fig. 7. Distribution of dinoflagellate cyst assemblages in the Nor- 
wegian-Greenland Sea. The contours outline the intervals where the 
most abundant species comprise more than 60% of the assemblages 
I,2 and 4, and 30% of the assemblage 3. The species are 0. cenfroro- 
carpum (Assemblage 1) , Brigantedinium spp. and A.? minutum s.1. 
(Assemblage 2), I.? pallidurn and N. labyrinthus (Assemblage 3). 
and P. faeroense (Assemblage 4). 
( > 20%) and Spiniferites spp., and samples from the 
Barents Sea are dominated by Spinifkites spp. and 0. 
centrocarpum (Harland, 1982). 
Assemblage 2 from the East Greenland continental 
shelf (Fig. 7), which is usually of low diversity, is 
dominated by spherical brown protoperidinioid cysts, 
especially Brigantedinium simplex, and A.? minutum 
s.1. (max. > 80%). Assemblages from the Labrador 
and west Greenland shelves exhibit a similar compo- 
sition (Mudie and Short, 1985; Mudie et al., 1990; 
Mudie, 1992). 
Brigantedinium spp. and A.? minutum s.1. previously 
have been associated with polar environments (Mudie 
and Short, 1985; Mudie et al., 1990; Mudie, 1992). 
Although little ecological information is available 
about Brigantedinium species, because of difficulties 
in identifying cysts to species level in previous studies, 
B. simplex appears to be the only polar species. Dale 
(1983, 1985) suggested that protoperidinioid species 
may be non-photosynthetic and therefore independent 
from the unstable light regimes of ice-covered waters. 
Jacobsen and Anderson ( 1986) have shown that pro- 
toperidinioid species prey on diatoms, suggesting that 
the occurrence of B. simplex is not only related to lower 
temperatures and salinities (Mudie and Short, 1985) 
but also to the presence of food species. Thus, B. sim- 
plex may be absent or rare even under optimum con- 
ditions because of the absence of their favoured food 
species. 
The distribution ofA.‘? minutum s.1. is also indicative 
of polar environments, although probably related to less 
severe conditions along the polar front on the outer east 
Greenland shelf. 
Therefore, assemblages like those from the East 
Greenland shelf with low diversity and dominance of 
B. simplex and A.? minutum s.1. indicate polar condi- 
tions. In contrast Mudie ( 1992) has shown that upwell- 
ing (Wall et al., 1977), cold-temperate (Matsuoka, 
1987) and subtropical environments (Bint, 1988) are 
characterized by high diversity peridinioid assem- 
~ blages. 
65’ 
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Fig. 8. Schematic distribution of surface water masses in the Nor- 
wegian-Greenland Sea. Abbreviations: PF= Polar Front; 
AF= Arctic Front; KF= Kolbeinsey Front; NCF= Norwegian 
Coastal Front; PW= polar water masses; AW= arctic water masses; 
NAW=North Atlantic water masses (after Dickson et al., 1988; 
Johannessen, 1986; Pistek and Johnsen, 1992; Swift, 1986). 
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Assemblage 3 from the Greenland and Iceland seas 
(Fig. 7) is characterized by I.? pallidurn together with 
N. labyrinthus, which are usually dominant in the cen- 
tral parts of these seas. 0. centrocarpum comprises up 
to 50% of the assemblage along the Mohns and Kni- 
povitch Ridges whereas in the Iceland and western 
Greenland seas Brigantedinium spp. and A.? minutum 
s.1. are equally important components. Assemblages 
from the oceanic part of the eastern Arctic Ocean also 
contain high percentages of I.? pallidurn and N. laby- 
rinthus whereas 0. centrocarpum is a subordinate com- 
ponent (Mudie, 1992). indicating that oceanic polar 
and subpolar environments are characterized by such 
assemblages. 
Assemblage 4 from the north Icelandic shelf and 
slope and Iceland-Faeroe Ridge (Fig. 7) is dominated 
by P. fueroense. The assemblages are almost monos- 
pecific on the slope off North Iceland (max. 94%). 
Dale (1976) reported similar assemblages from 
Trondheimsfjord. The assemblages from the Iceland- 
Faeroe Ridge and off North Iceland also contain sig- 
nificant amounts of 0. centrocarpum, Brigantedinium 
spp. and A.? minutum s.1. 
5.2. Correlation of dinojlagellate cyst assemblages 
with the environment 
The distribution of the assemblages can be related 
by visual inspection to the geographic extent of surface 
water masses (compare Figs. 7 and 8) which have been 
subdivided into three major hydrographical domains 
(Swift, 1986). 
Polar water masses are characterized by tempera- 
tures below 0°C and salinities less than 34.4%0 (Swift, 
1986). In summer, salinities often fall below 30%0 and 
temperatures may reach 3”-5°C. Polar water masses are 
almost restricted to the East Greenland continental 
shelf. The East Greenland Current (EGC) transports 
these cold and less saline, ice-covered water from the 
Arctic Ocean through the Fram Strait into the western 
Norwegian-Greenland Sea. 
Relatively warm, saline Atlantic water masses which 
are defined as having temperatures above 3°C and salin- 
ities above 34.9%0 (Swift, 1986) enter the Norwegian 
Sea across the Iceland-Faeroe Ridge forming the Nor- 
wegian Atlantic Current (NAC) which transports heat 
ultimately into the Arctic Ocean (Fig. 1). In summer 
temperatures may exceed 6”-12°C and salinities 35. l- 
35.3%Ll. 
Cyclonic gyres are formed in the central Iceland and 
Greenland seas through recirculation of branches of 
these two boundary currents (e.g. Johannessen, 1986; 
Bourke et al., 1992; Fig. 1). The water masses in these 
regions have been separately described as Arctic sur- 
face waters (Swift, 1986) because of their unique 
hydrographic properties with temperatures ranging 
from 0” to 4°C and salinities from 34.6 to 34.9%0. The 
regions which are dominated by these water masses are 
termed polar, arctic and Atlantic domains (Swift, 
1986). 
Salinities fluctuate considerably in the polar domain 
(ca. 5%0) through the year because of the inllux of 
meltwater in summer (Swift, 1986). In contrast. in the 
arctic and Atlantic domains variations in salinity are 
only minor. Seasonal variations of the sea surface tem- 
peratures are relatively even in the Norwegian-Green- 
land Sea (Swift, 1986). Polar and arctic surface water 
masses are seasonally ice-covered. In summer, a per- 
manent ice-cover is generally restricted to the northern 
part of the polar domain, whereas in winter the polar 
domain and most of the arctic domain are covered by 
sea-ice (Fig. 1) . 
Additionally, shelf water masses contribute to this 
general hydrographic scheme. The Norwegian Coastal 
Current (NCC) flows parallel to the Norwegian Atlan- 
tic Current and carries relatively warm, less saline water 
(T= 2-13°C S = 32-35%0; Hopkins, 1991) from the 
northwest European continental shelves and Norwe- 
gian Fjords into the Barents Sea (Gade, 1986). Water 
masses off North Iceland are composed of modified 
North Atlantic water (T> 5”C, S < 35%0) which enters 
through Denmark Strait the southern Icelandic Sea 
(Swift, 1986; Hopkins, 1991; Pistek and Johnsen, 
1992). 
The distribution of water masses apparently coin- 
cides with those of the assemblages. Single assem- 
blages can be related to the Atlantic, arctic and polar 
water masses (cf. Figs. 7 and 8). The shelf water 
masses off Iceland are reflected in assemblage 4, 
although only few samples are studied. The water 
masses from the Norwegian shelf are not reflected in 
the assemblages because this region is not covered by 
the samples. The distribution of assemblage 1 does not 
match the Atlantic domain perfectly. The position of 
the Arctic front in summer compared to winter is not 
322 J. Matthiessen /Marine Micropaleontology 24 (1995) 307-334 
well defined due to the advection of warmer surface 
water masses to the west (Smart, 1984; Quadfasel and 
Meincke, 1987; Van Aken et al., 1991). The assem- 
blages from the arctic domain cover an intermediate 
position between the assemblages from the polar and 
Atlantic domains, with more pronounced contributions 
from the latter. 
Thus, the distribution of dinoflagellate cysts and their 
assemblages appear to reflect the two major trends in 
distribution of dinoflagellate cysts which have been 
recognized by Wall et al. (1977). They found varia- 
tions in occurrences of single taxa, species diversity, 
and composition of assemblages in onshore-offshore 
transects as well as with changing latitude. In the Nor- 
wegian--Greenland Sea, both trends are found in tran- 
sects from west to east. 
Oceanographic fronts which separate the domains 
run parallel to morphological features such as the shelf 
breaks and the mid-ocean ridges (Johanessen, 1986; 
Swift, 1986; Dickson et al., 1988; Pistek and Johnsen, 
1992; Fig. 8) and limit the distribution of distinct sur- 
face water masses. Consequently, these fronts separate 
the described neritic from oceanic as well as oceanic 
from oceanic dinoflagellate cyst assemblages (cf. Figs. 
7 and 8). 
Polar water masses are nearly isolated from the cen- 
tral Greenland and Iceland seas (e.g. Swift, 1986; 
Aagaard and Carmack, 1989)) indicating that the Polar 
Front is a stable feature. This is supported by the sharp 
gradient in percentage abundances of dinoflagellate 
cyst species on the East Greenland continental slope. 
Assemblages from the polar domain have little in com- 
mon with those from the arctic and Atlantic domains. 
However, it must be noted that Atlantic water masses 
are one of the parent water masses of the polar surface 
waters (Rudels, 1989). Ultimately, the occurrence of 
all dinoflagellate cysts from the Norwegian-Greenland 
Sea is dependent on the inflow of Atlantic waters. The 
absence of warmer North Atlantic waters, e.g. during 
glacials, may cause conditions, which have no ana- 
logues in recent sediments in the Norwegian-Green- 
land Sea. 
5.3. Comparison with calcareous and siliceous 
microfossils 
In the area of investigation the distribution pattern 
of calcareous and siliceous planktic microfossils such 
as coccoliths (McIntyre and Bt, 1967; Eide, 1990; 
Samtleben and SchrBder, 1992)) diatoms (Schrader 
and KOG Karpuz, 1990; Koq Karpuz and Schrader, 
1990)) radiolarians (Petrushevskaya and Bjijrklund, 
1974) and planktic foraminifers (Kellogg, 1975; Kipp, 
1976; Pflaumann, 1988) resemble the distribution of 
dinoflagellate cyst assemblages. Dodge and Harland 
(1991) already suggested that overall dinoflagellate 
cyst distribution in the North Atlantic can be compared 
broadly with coccolith zones. 
The Atlantic and arctic domains (Swift, 1986) may 
be reflected in the distribution of all plankton assem- 
blages. The calcareous microfossil assemblages obtain 
their highest diversity in sediments underlying the 
Atlantic domain (Eide, 1990; Samtleben and SchrGder, 
1992; Kellogg, 1975; Kipp, 1976; Pflaumann, 1988), 
forming the subpolar assemblages. Certain diatom fac- 
tor assemblages are restricted to the Atlantic domain 
(Koq Karpuz and Schrader, 1990). The Arctic front 
clearly separates the polar foraminifera (Kellogg, 
1975; Kipp, 1976; Pflaumann, 1988) and polar coc- 
colith assemblage (McIntyre and BC, 1967; Eide, 
1990) from the subpolar assemblages. The distribution 
patterns of radiolarians approximately match those of 
the calcareous plankton (Petrushevskaya and Bjiirk- 
lund, 1974). The arctic water diatom assemblage cor- 
responds closely with the extent of the arctic domain 
( KOG Karpuz and Schrader, 1990). 
The arctic and polar domains can be distinguished 
only with diatoms ( KOG Karpuz and Schrader, 1990) 
and dinoflagellate cyst assemblages, because sediments 
underlying the polar domain are barren of coccoliths 
(Samtleben and Schriider, 1992) and both polar and 
arctic foraminifera assemblages are clearly dominated 
by Neogloboquadrina pachyderma (sin.). 
6. Limitations of dinoflagellate cyst studies 
Despite this apparent correlation to the distribution 
of surface water masses and the distribution of other 
plankton groups, there are several restrictions which 
must be kept in mind when interpreting dinoflagellate 
cyst records. These have been discussed intensively in 
several studies (e.g. Reid, 1972, 1975; Wall et al., 
1977; Dale, 1983) and therefore will be briefly stated 
here. 
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In general, the planktic dinoflagellate population is 
selectively fossilized because proportionally few spe- 
cies of dinoflagellates form cysts (Dale, 1983). In the 
case of heterotrophic dinoflagellates, the occurrence of 
species may be influenced not only by temperature and 
salinity but also by the presence or absence of food 
organisms (Jacobsen and Anderson, 1986; Dodge and 
Harland, 199 1) . 
Dinoflagellate cysts have rarely been recorded in 
surface water samples from the oceanic environment 
(e.g. Reid, 1978), whereas thecate dinoflagellates 
which form cellulose walls are rarely found in sedi- 
ments. Sediment trap analyses suggest that most thecate 
species are easily degraded in the near surface water 
layers and only occasionally reach sediment traps close 
to the bottom of the deep sea (Dale, 1992; Dale and 
Dale, 1992). 
Environmental conditions leading to encystment of 
most non-toxic dinoflagellate species are little known 
(Wall et al., 1977; Dale, 1983; Dodge and Harland, 
199 1) . Encystment rates of individual species may also 
be variable, probably causing an overrepresentation of 
certain species such as 0. centrocarpum in the fossil 
record (Dale, 1976). 
The relationship between the distribution of dino- 
flagellate cysts in the surface water masses and in the 
recent sediments still must be investigated. The proc- 
esses which transform the living assemblage into the 
sediment assemblage have not been studied in much 
detail and may include ( 1) transport by currents or 
sediment from the region of formation to the deposi- 
tional site (e.g. Dale, 1992; Dale and Dale, 1992; Reid, 
1974, 1978; Dodge and Harland, 1991; Harland, 
1983)) (2) grazing by zooplankton in the water col- 
umn, and incorporation in faecal pellets and macro- 
aggregates, which is an effective mechanism for 
enhancing the probability of coccoliths of being pre- 
served (e.g. Samtleben and Bickert, 1990; Samtleben 
and Schriider, 1992)) and (3) biochemical degradation 
at the sediment surface. 
In the neritic realm, distinct biogeographical zones 
can be recognized in the distribution of living dinoflag- 
ellate cysts in sediments (Dale, 1983) and a clear cor- 
relation with hydrography and water masses has been 
established by comparing with distribution patterns of 
zooplankton (Reid, 1974,1975) and by statisticalanal- 
ysis (Mudie, 1992) . A similar correlation is also prob- 
able for the oceanic realm (e.g. Wall et al., 1977) 
because few species are obviously related to single 
hydrographic parameters such as temperature 
(Edwards and Andrle, 1992). 
7. Comparison with sediment trap investigations 
Recent advances in elucidating the occurrence of 
dinoflagellate cysts in the oceanic realm of the Nor- 
wegian-Greenland Sea have been made by studying 
samples from sediment traps, which were deployed 
during 1983-1989 at 7 sites in the Norwegian-Green- 
land Sea at about 400-600 m above the sea-floor (Dale 
and Dale, 1992). The results of this study covering all 
major hydrographic areas are here compared in general 
with the recorded distribution of dinoflagellate cysts in 
the underlying sediments. There are some general fea- 
tures in common between dinoflagellate cyst distribu- 
tions in sediment traps and surface sediments, whereas 
at the level of detail many discrepancies are apparent. 
Cyst fluxes and diversity of assemblages are gener- 
ally lower in traps underlying cold and less saline water 
masses of polar origin (Dale and Dale, 1992). The 
same holds true for dinoflagellate cysts in surface sed- 
iments. The sediment assemblages exhibit higher con- 
centrations in the Norwegian Sea than in the Greenland 
Sea. A higher number of species recorded in sediments 
traps (Dale and Dale, 1992) and underlying sediments 
are related to the influence of warmer saline Atlantic 
water masses. In the study area, some dinoflagellate 
cyst species are either almost restricted to sediments 
underlying the Norwegian Sea, such as A. choanum, B. 
tepikiense, I. sphaericum, M. quanta, T. capitatum and 
P. schwartzii, or are more abundant in the Norwegian 
Sea, such as 0. centrocarpum (Matthiessen, 199 1) . In 
contrast, only a few species show a distinct preference 
for polar environments. These include B. simplex, A.? 
minutum s.1. and I.? paEZidum (Dale, 1985; Matthies- 
sen, 1991; Dale and Dale, 1992; Mudie, 1992). Oppor- 
tunistic species such as 0. centrocarpum and N. 
labyrinthus occur in minor amounts on the East Green- 
land shelf but cannot be considered as polar species. 
Both studies revealed that only I.? pallidurn and N. 
labyrinthus have their centre of distribution in the oce- 
anic environment of the Norwegian-Greenland Sea. N. 
labyrinthus and I.? pallidum occur only in minor 
amounts on the outer shelf regions off east Greenland, 
Iceland and Norway. Species of both genera are prob- 
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ably the only unequivocable oceanic dinoflagellate 
cysts (compare Wall et al., 1977; Harland, 1983). 
These observations suggest a succession of species 
of Zmpugidinium from polar to subtropical/tropical 
oceanic environments in the Norwegian-Greenland 
Sea and North Atlantic Ocean, At the species level, the 
polar to subpolar I.? pallidum is probably replaced by 
other species of Zmpagidinium (Harland, 1983)) first 
by I. sphaericum in the temperate environments, then 
by 1. aculeatum (Wall, 1967) Lentin and Williams, 
1981, I. paradoxum (Wall, 1967) Stover and Bitt, 
1978, I. patzdum (Wall, 1967) Stover and Evitt, 1978, 
and I. strialutum (Wall, 1967) Stover and Evitt, 1978. 
These latter species are mainly restricted to the gyral 
circulation system in the tropical and subtropical 
regions and occur principally in outer neritic to oceanic 
environments (Wall et al., 1977; Harland, 1983). How- 
ever, it must be noted that dinoflagellate cyst assem- 
blages from sediment traps deployed in the tropical and 
subtropical regions of the Pacific and Atlantic oceans 
revealed an unequivocable dominance of calcareous 
cysts (Dale, 1992). 
Just as I.? pallidurn and N. labyrinthus as well as 
other species of Zmpugidinium exclusively show a clear 
preference for oceanic environments, P. faeroense and 
A.? minutum s.1. appear to be the only distinctly neritic 
species (Figs. 3 and 4). Most of the other species have 
been previously recorded from surface sediments of 
neritic environments as well as sediment traps (Dale 
and Dale, 1992), especially those which are usually 
found in small amounts. 
The sediment trap assemblages were also character- 
ized by few dominant species just as were the sediment 
samples. The species compositions, however, differ 
considerably. This holds true to a lesser degree for the 
Greenland Sea, where assemblages from sediment traps 
and surface sediments correspond fairly well when con- 
sidering the characteristic species I.?pallidum, whereas 
0. centrocurpum and N. labyrinthus are always 
strongly overrepresented in surface sediments. The dis- 
crepancies are more clearly seen in the Norwegian Sea. 
Here, 0. centrocurpum is always enriched in sediments 
compared to spherical brown protoperidinioid cysts, 
which are the dominant component of sediment trap 
assemblages especially in the Norwegian Sea (Dale 
and Dale, 1992). This can be explained by either hydro- 
graphic and/or sedimentary and geochemical proc- 
esses. 
On the one hand, occasional mass encystment on the 
background of a continuous low flux of spherical brown 
protoperidinioid cysts may lead to an overrepresenta- 
tion of 0. centrocurpum in sediments because the the- 
cate dinoflagellate forms more cysts compared to other 
species (Dale, 1976). This would imply a strong inter- 
annual variability of cyst production. On the other 
hand, 0. centrocurpum may be sporadically trans- 
ported from the neritic to the oceanic environment. 
The discrepancy may be also explained by a change 
of ecological conditions in surface waters, assuming 
that both 0. centrocarpum and Brigantedinium spp. are 
produced locally in the oceanic surface waters. The 
predominance of 0. centrocarpum was replaced by 
dominance of spherical brown protoperidinioid cysts. 
This signal would not be clearly recorded in surface 
sediments because of low sedimentation rates (less 
than 1 mm per year) and the rapid incorporation of 
freshly deposited material into the sediments (e.g. 
Graf, 1989). A gradual increase of spherical brown 
protoperidinioid cysts towards the sediment surface in 
cores from the Norwegian Sea may reflect this change 
overprinted by intense bioturbation (Matthiessen, 
1991). 
However, when assuming that spherical brown pro- 
toperidinioid cysts are always the dominant component 
of Holocene cyst fluxes in the Norwegian-Greenland 
Sea, then the small amounts observed in recent sedi- 
ments could also indicate biochemical degradation in 
the uppermost centimetre of sediments which may 
selectively destroy these protoperidinioid cysts. Dale 
( 1976) recognized protoperidinioid cysts in different 
states of preservation in samples from Trondheimsfjord 
and suggested that the chemical composition of these 
cysts may differ from the sporopollenin-like material 
typically assumed to form wall material of most cyst 
forms. Variable preservation has also been observed 
during this study on protoperidinioid cysts, especially 
for Brigantedinium spp. (Table 1; Fig. 6). Addition- 
ally, they are usually non-fluorescent, in contrast to 
gonyaulacoids, supporting the idea of a different chem- 
ical composition of the cyst which is probably more 
easily affected by degradation processes. 
8. Inffuence of transport phenomena on the 
distribution of organic-walled microfossils 
Among the processes mentioned above, which affect 
cyst distribution in all environments, transport from the 
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site of formation to the depositional area may be more 
important for oceanic environments such as the Nor- 
wegian-Greenland Sea than for neritic environments 
(Dale, 1992). Dinoflagellate cysts may be transported 
in near surface currents from the North Atlantic and 
nearby continental margins, as well as in resuspended 
sediments downslope from the Norwegian shelf (Dale 
and Dale, 1992). This is probably an effective mech- 
anism for altering the distribution pattern of individual 
dinoflagellate cyst species as well as other organic- 
walled microfossils in the oceanic realm, but may also 
reflect the modern circulation pattern of the Norwe- 
gian-Greenland Sea with both meridional and zonal 
advection of water masses and hydrographically 
induced lateral sediment movement on continental 
slopes. In view of the limited knowledge of dinoflag- 
ellate cyst distribution in surface water masses, these 
transport processes will be considered in more detail 
and compared with evidence from studies of other fos- 
silizable planktic organisms. 
8.1. Transport in s@ace currents 
The North Atlantic surface waters, which penetrate 
across the Iceland-Faeroe Ridge into the Norwegian 
Sea, certainly transport fossilizable phytoplankton spe- 
cies northward. Dale and Dale (1992) attributed the 
occurrence of calcareous cysts in sediment traps from 
the Norwegian Sea to transport from the adjacent North 
Atlantic. Several tropical to transitional coccolithop- 
hore species were recorded from surface waters and 
sediment traps in the Norwegian Sea (Samtleben and 
Bickert, 1990; Samtleben and Schroder, 1992). Drifted 
coccolithphore species are also preserved in surface 
sediments obviously. Thus, it is not surprising that the 
Lofoten Basin sediment trap (LB; Fig. 1) contained 
transported coccolithphores and calcareous cysts dur- 
ing the same sampling intervals (compare Samtleben 
and Bicker& 1990 and Dale and Dale, 1992). Unfor- 
tunately, this signal cannot be recorded in the present 
study because the application of hydrochloric acids 
during processing dissolves all calcareous material. 
Import from the North Atlantic along the path of 
warmer water masses must be considered as a common 
feature for all fossilizable phytoplankton groups. 
Export of cold-temperate species from the Norwegian 
Sea into the Arctic Ocean should also be expected, 
because subpolar planktic foraminifera are believed to 
be transported by Atlantic water masses into the eastern 
Arctic Ocean (Carstens and Wefer, 1992). This also 
can be seen in the distribution of gonyaulacoid (sub- 
polar) species in the Eastern Arctic Ocean (Mudie, 
1992). 
The high percentage abundances of 0. centrocarpum 
and the occurrence of other species such as Spiniferites 
spp. in sediments underlying the Greenland and Iceland 
seas may indicate zonal transport of surface and near 
surface waters from the Norwegian Sea. Recent assem- 
blages from the continental shelves and slopes off east 
Greenland and Iceland and the Iceland-Faeroe Ridge 
are either dominated by B. simplex and A.? minutum 
s.1. or P. faeroense, excluding these shelves as possible 
source areas for 0. centrocarpum and Spiniferites spp. 
Therefore, relatively warmer Atlantic water which 
is advected in summer across the Arctic front westward 
into the Iceland and Greenland seas (e.g. Quadfasel 
and Meincke, 1987) may possibly be entraining 0. 
centrocarpum as well as Spiniferites cysts. The Nor- 
wegian shelf can be also considered a source area 
because of similarities in assemblage composition with 
those from the Norwegian Sea. Offset of coastal waters 
has been suggested before to explain the occurrence of 
species in oceanic sediments (Wall et al., 1977 ). The 
species which have been reported in low abundances 
from the oceanic realm (Matthiessen, 1991; Dale and 
Dale, 1992) may be advected from the coastal areas by 
surface currents. 
Dinoflagellate cyst species which are probably trans- 
ported by polar water masses of the Jan Mayen and 
East Icelandic currents are Brigantedinium spp. and A.? 
minutum s.1. In particular, the distribution of A.? min- 
utum s.1. may reflect these branches. The warmer waters 
together with eastward flowing colder polar waters 
form two cyclonic gyres in the central Iceland and 
Greenland Seas (Johannessen, 1986; Bourke et al., 
1992). In the centre of the gyres which are surrounded 
by these branches, I.? pallidurn and N. labyrinthus 
achieve their highest percentage abundances and 0. 
centrocarpum is only rare to common whereas other 
species (e.g. B. tepikiense) occur in minor amounts or 
are virtually absent. However, this apparent trend must 
be confirmed by studying more closely spaced samples. 
These observations suggest that the central part of the 
Iceland and Greenland seas, where the Greenland Basin 
sediment trap (GB; Fig. 1) was deployed (Dale and 
Dale, 1992), is less influenced by the gyral circulation 
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and receives necessarily less direct input of warmer and 
colder waters in summer. The regions might be more 
stable with regard to advection of water masses and 
dinollagellate cysts. The dinoflagellate cyst assem- 
blages in underlying bottom sediments may then reflect 
more local than regional environmental conditions and 
this might explain why 0. centrocarpum and N. laby- 
rinthus are rarely recorded in the sediment trap from 
Greenland Basin. 
Despite these indications of zonal transport, shelf 
break fronts such as the Polar Front and the Kolbeinsey 
Front generally appear to be rather stable. Species 
which are characteristic of the neritic environments off 
Iceland and Greenland, P. faeroense and A.? minutum 
s.l., are mainly restricted to these environments. The 
Norwegian Sea is probably more exposed to transport 
because of similarities between assemblages from the 
shelves and the deep basins. 
The problem remains that few specimens of e.g. 0. 
centrocarpum are found in the sediment trap from the 
Greenland Sea (GB; Fig. 1) A strong interannual var- 
iability in cyst production in local surface water masses 
may account for low abundances of e.g. 0. centrocar- 
pum. Otherwise, this species should be abundant if 
surface currents are the only transport factor. Therefore, 
it must be assumed that bottom currents between the 
seafloor and the sediment trap locations may displace 
taxa (see also Dale, 1992). The bathymetry of the 
Norwegian-Greenland Sea, however, acts as a major 
obstacle for unrestricted deep water exchange and 
allows deep bottom currents to penetrate only through 
small gateways in fracture zones and the mid-ocean 
ridges (e.g. Swift and Koltermann, 1988). Because of 
deep-water formation in the Greenland Sea and the 
principal circulation pattern in the deep sea around the 
Greenland Basin (Swift and Koltermann, 1988) a 
westward flow of bottom waters is precluded which 
would have to exist in order to explain the occurrence 
of 0. centrocarpum in the Greenland Sea. In contrast, 
cold water taxa such as Z.?pallidum must be transported 
eastward with bottom currents. Bottom water transport 
of 0. centrocarpum from the Norwegian Basin into the 
Iceland Sea can certainly be excluded because the Ice- 
land Basin is generally more than a thousand metres 
shallower. The exchange of bottom water masses 
across the Greenland Scotland Ridge is directed south- 
ward (e.g. Swift, 1986)) preventing an import into the 
Norwegian-Greenland Sea. It is assumed that transport 
of dinoflagellate cysts more likely occurs at surface and 
intermediate depths. 
Transport of water masses in specific surface cur- 
rents is characteristic for the oceanography of the Nor- 
wegian-Greenland Sea, because the parent water 
masses originate from outside this region (e.g. Hop- 
kins, 1991)) and this is an essential prerequisite for 
deep water convection. Therefore, certain dinoflagel- 
late cysts could be an excellent tool for refining paleo- 
current reconstructions if they are truly transported in 
these water masses. 
8.2. Sea-ice transport 
Sea-ice, which consists mainly of pack-ice in the 
investigation area (Hopkins, 1991) and which season- 
ally covers the polar and arctic domains, may be another 
important transport agent introducing allochthonous 
elements. Halodinium spp. (Fig. 5) as well as Pedias- 
trum spp. and Cymatiosphaera spp. might occur in 
sediments underlying the Greenland and Iceland seas 
(Matthiessen, 1991) due to transport in sea-ice. Mudie 
( 1992) reported Pediastrum spp. from surface sedi- 
ments in the eastern Arctic Ocean underlying the Trans- 
polar Drift. She suggested that the sporadic occurrences 
in deep-sea sediments of high-latitudes may indicate 
melt-out of ice-rafted sediments. These sediments may 
be transported in sea-ice from the Laptev continental 
shelf, which is probably the source area, into the East- 
ern Arctic Ocean (Mudie, 1992). Abelmann ( 1992) 
demonstrated that this process is also effective in trans- 
porting brackish diatoms from the Laptev Sea into the 
eastern Arctic Ocean. 
On the Laptev shelf large rivers discharge into the 
Arctic Ocean and specimens of Halodinium (as well 
as Pediastrum and Cymatiosphaera) may be frozen 
into the sea-ice. This process seems to be likely because 
Halodinium has previously been related to strong Au- 
vial influence in the Arctic region (Mudie, 1992). 
Specimens frozen into sea-ice are then transported 
along the path of the Transpolar Drift into the Green- 
land and Iceland seas, where they melt out in spring/ 
summer. However, an autochthonous occurrence can- 
not be excluded until this mechanism has been proven. 
8.3. Sediment transport 
Dale and Dale ( 1992) proposed that transport of 
dinoflagellate cysts incorporated in unconsolidated 
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sediments occurred downslope from the Barents/Nor- 
wegian shelfs. A pronounced peak in fluxes of a single 
dinoflagellate cyst species, P. faeroense, in the sedi- 
ment trap deployed off Bear Island (BI; Fig. 1) in 
December 1984/January 1985 was associated with 
higher sediment fluxes (Dale and Dale, 1992). Addi- 
tionally, this sediment trap recorded higher carbonate 
fluxes as well as a pronounced peak of coccolith fluxes 
in winter which were attributed to influx of resuspended 
material from the nearby Barents shelf (Samtleben and 
Bicker& 1990). 
Honjo et al. ( 1988) and Honjo ( 1990) assumed that 
a higher production of dense bottom water on the 
Barents shelf during sea-ice formation in winter causes 
resuspension and transport of unconsolidated sedi- 
ments which were deposited through summer on the 
shelf into the deep basins. The formation of dense bot- 
tom water and outflow into the Norwegian Sea has been 
observed not only on the Barents shelf east of the Bear 
Island sediment trap (Midttun, 1985; Quadfasel et al., 
1988), but also between Bear Island and Norway 
(Blindheim, 1989). In this region P. faeroense usually 
exhibits its highest percentages in the sediment of the 
Norwegian-Greenland Sea (Fig. 4). Therefore, the 
occurrence of P. faeroense in continental slope sedi- 
ments between Bear Island and northern Norway is 
most likely related to sediment transport caused by 
bottom water formation on the shelf. Thus, such epi- 
sodic events may be also identifiable in the geologic 
record. In contrast, the relatively sharp decrease in per- 
centage abundances of P. fueroense from the Iceland 
shelf and Iceland-Faeroe Ridge northward suggest that 
this process is not as extensive as along the Norwegian 
and Barents shelves. 
In June/July 1984 recycled early Miocene dinoflag- 
ellate cysts dominated the cyst flux in the sediment trap 
from Lofoten Basin (Dale and Dale, 1992). They sug- 
gested that the cysts were resuspended on the shelf 
during an earth tremor recorded in the area during the 
sampling interval. Synchronously higher fluxes of Qua- 
ternary cysts were also observed, which may also have 
been resuspended during this event. Unfortunately, no 
sediment samples were analysed close to the sediment 
trap, which might show whether such short term events 
are reflected in the sediments. However, lateral advec- 
tion of sediments has been proven to be important at 
various sites on the northern Norwegian and Barents 
continental slopes (Blaume, 1992). It can beconcluded 
that this sedimentary process probably alter the com- 
position of organic-walled microfossil assemblages in 
the deep basins along these continental slopes. 
9. Conclusions 
Dinoflagellate cysts and other organic-walled micro- 
fossils have been studied in recent sediments from the 
Norwegian-Greenland Sea. Although more than 30 
taxa have been recognized in the sediments, only eight 
species are consistently present in most samples. Algi- 
dasphaeridium? minutum s.l., Brigantedinium simplex 
and Impagidinium? pallidurn prefer the colder water 
environments whereas all other species, especially 
those which are always present sporadically, are 
directly related to the influence of relatively warmer 
waters. Impagidinium? pallidurn and Nematosphaer- 
opsis labyrinthus are probably adapted exclusively to 
the oceanic environment. The distribution of individual 
species suggest that a finer resolution of oceanographic 
features may be achieved if the sample coverage could 
be improved, especially in the Arctic domain. 
In contrast, the distribution of assemblages appeared 
to be more even. Individual dinoflagellate cyst assem- 
blages are probably associated to surface water masses 
in the Norwegian-Greenland Sea, which is also a com- 
mon feature in the distribution of other fossilizable 
calcareous and siliceous planktic organisms. 
However, the exact ecological requirements of only 
few species are known, due to sparse information avail- 
able from water column studies. Therefore, dinoflag- 
ellate cyst distribution pattern in the oceanic realm 
should only be related to water masses generally and 
not to single hydrographic parameters such as temper- 
ature and salinity. 
Most species are also frequently recorded from 
neritic environments. Dale and Dale ( 1992) suggested 
that transport from neritic environments into the oce- 
anic realm may be an important factor modifying oce- 
anic assemblages. Because each water mass in the 
Norwegian-Greenland Sea shows characteristic ranges 
in temperature and salinity and is associated with dis- 
tinct surface currents, both hydrographic properties and 
currents (i.e. transport) may be responsible for the 
occurrence of certain species in the oceanic environ- 
ment. The transport may occur both meridianally and 
zonally in water masses and laterally in sediments. Pre- 
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Appendix 1 
Species composition of recent surface sediments (percentage abundances). Asterisks denote species which were found but not counted. 
1 = Sample number; 2 = dinoflagellate cysts counted; 3 =dinoflagellate cysts/gramme dry sediment; 4 = Algidasphaeridium? minutum s.1.; 
5 = Ataxiodinium choanum; 6 = Bitectatodinium tepikiense; I = Brigantedinium simplex; 8 = Brigantedinium spp. (include counts of B. 
simplex); 9 = Impagidinium? pallidurn; 10 = Impagidinium spp. (without counts of I?. pallidurn); I1 = Lingulodinium machaerophorum; 
12 = Multispinula quanta; 13 = Nematosphaeropsis labyrinthus; 14 = Operculodinium centrocarpum; 15 = Peridinium faeroense; 
16 = Polykrikos schwartzii; 17 = Spiniferites elongatus s.1.; 18 =Spiniferites spp. (include counts of S. elongatus ~1.); 19 = Trinouantedinium 
capitatum; 20 = cysts indeterminable; 21= Halodinium spp.; 22 = Cymatiosphaera spp.; 23 = Pediastrum spp. 
1 2 3 4 5 6 I 8 9 10 11 12 
1 519 27872 0.4 0.2 1.2 0.2 5.6 0.7 0.0 0.0 1.0 
2 662 12855 0.2 0.2 0.2 0.0 2.4 0.6 0.2 0.0 0.0 
3 541 1495 0.0 0.0 0.0 0.2 1.5 4.7 0.0 0.0 0.0 
4 370 366 0.3 0.0 0.0 0.3 5.2 19.2 0.0 0.0 0.0 
5 291 1233 61.5 0.0 0.0 4.5 24.8 1.0 0.0 0.0 0.0 
6 1404 24608 5.0 0.0 0.4 0.5 1.9 1.4 0.2 0.0 0.1 
7 1065 17445 8.5 0.1 0.2 0.9 3.0 1.5 0.2 0.0 0.1 
8 441 1478 9.9 0.2 0.2 0.7 7.6 9.7 0.0 0.0 0.0 
9 751 1187 1.7 0.0 0.1 1.2 4.8 10.1 0.3 0.0 0.0 
10 371 823 58.7 0.0 0.0 12.9 39.4 0.3 0.0 0.0 0.0 
11 152 399 30.9 0.0 0.7 11.8 67.1 0.0 0.0 0.0 0.0 
12 194 589 66.5 0.0 0.0 7.7 33.0 0.0 0.0 0.0 0.0 
13 380 1483 52.9 0.0 0.0 11.6 45.9 0.0 0.0 0.0 0.0 
14 548 170 73.0 0.0 0.0 1.7 26.1 0.2 0.0 0.0 0.0 
15 1054 11931 9.7 0.1 0.4 0.1 1.3 1.5 0.0 0.0 0.0 
16 857 9832 19.4 0.0 0.6 0.5 4.4 2.7 0.1 0.0 0.0 
17 815 11589 4.1 0.0 0.1 0.4 1.8 1.2 0.4 0.0 0.1 
18 430 1410 12.8 0.0 0.0 0.7 9.8 1.4 0.0 0.0 0.5 
19 313 3043 0.0 0.0 0.3 0.0 0.6 0.3 0.6 0.0 0.0 
20 338 2903 0.0 0.3 0.3 0.9 6.2 1.2 0.3 0.0 2.7 
21 315 3261 1.0 0.0 0.0 0.0 3.8 1.0 0.0 0.0 0.3 
22 1345 26107 0.1 0.2 0.3 * 2.1 0.5 0.1 0.0 0.3 
23 229 1126 6.1 0.0 0.0 0.9 10.0 0.0 0.0 0.0 5.7 
24 1437 18837 0.0 0.1 0.4 0.8 4.3 0.9 * 0.0 0.4 
25 991 7156 0.4 0.0 0.6 2.2 8.4 3.2 0.1 0.0 0.1 
26 1824 49833 0.0 0.0 0.2 0.1 0.7 0.6 0.0 0.0 0.1 
27 908 27940 0.1 0.1 0.9 0.7 4.1 0.6 0.1 0.0 0.2 
28 2096 25462 0.1 0.1 0.6 0.1 1.8 0.6 0.3 0.1 0.2 
29 1527 11124 0.0 0.1 0.9 0.6 5.3 1.0 0.4 0.0 0.3 
30 980 5837 0.0 0.4 1.4 0.7 5.6 0.8 0.4 0.0 0.4 
31 1682 1011 0.1 0.1 0.5 0.4 3.6 0.5 0.2 0.0 0.4 
32 1732 25313 0.0 0.0 0.5 0.3 2.4 0.7 0.2 0.0 0.4 
33 2233 20370 0.0 0.0 0.6 0.4 1.9 0.9 0.3 0.0 0.1 
34 1119 9112 0.4 0.4 0.5 1.8 8.9 1.4 * 0.0 * 
35 272 970 0.7 0.0 0.4 0.7 11.8 29.7 0.8 0.0 0.0 
36 451 2462 0.4 0.0 0.2 1.6 9.6 11.0 0.4 0.0 0.0 
37 1237 3220 0.9 0.0 0.1 0.7 2.8 13.4 0.1 0.0 0.4 
38 910 4852 2.3 0.0 0.2 2.1 9.0 6.4 0.4 0.0 0.1 
39 760 3913 0.1 0.0 0.1 1.5 7.6 8.7 0.5 0.0 0.3 
40 835 1801 * 0.0 0.0 0.5 1.1 32.5 0.2 0.0 0.0 
41 1357 2016 0.1 0.2 0.0 0.3 2.6 21.1 0.2 0.0 0.2 
42 989 916 1.4 0.0 0.1 1.2 9.4 6.2 0.1 0.0 0.0 
43 847 14340 0.0 0.0 0.6 1.3 9.0 1.0 0.2 0.1 0.5 
44 1308 8210 0.2 0.0 0.9 1.8 8.5 0.9 0.2 0.0 1.2 
45 1370 21524 0.8 0.1 0.7 0.4 3.8 0.4 0.1 0.1 1.2 
46 854 1520 0.9 0.0 0.0 1.2 11.0 0.5 0.5 0.0 1.0 
47 1620 6950 0.4 0.1 0.6 0.8 3.5 0.4 0.3 0.0 0.1 
48 984 2141 1.3 0.0 0.0 1.2 7.5 5.0 0.0 0.0 0.1 
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13 14 15 16 17 18 19 20 21 22 23 
16.4 64.1 5.7 0.7 0.9 3.0 1.2 0.0 0.0 0.0 0.0 
6.7 85.5 2.7 0.2 0.5 1.2 0.3 0.0 0.0 0.0 0.0 
18.9 74.4 0.4 0.0 0.2 0.2 0.0 0.0 1.3 0.0 0.1 
41.1 32.4 1.1 0.0 0.3 0.8 0.0 0.0 3.0 0.0 0.0 
5.2 4.5 2.0 0.0 1.0 1.0 0.0 0.0 14.4 0.0 0.0 
10.0 68.2 8.1 0.0 2.9 5.0 0.0 0.0 0.7 0.0 0.1 
8.7 71.3 2.6 * 1.6 3.8 0.1 0.0 0.6 0.0 0.0 
21.8 48.4 0.7 0.0 0.2 0.7 0.0 0.5 9.6 0.0 0.3 
16.8 53.7 3.9 0.1 1.5 2.3 0.1 0.0 5.1 0.1 0.5 
0.3 1.1 0.3 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 
0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 29.0 0.0 0.7 
0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 13.4 0.0 0.0 
0.5 0.5 0.3 0.0 0.0 0.0 0.0 0.0 25.3 0.0 0.0 
0.2 0.4 0.2 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.1 
10.6 72. I 1.9 0.0 1.7 2.6 0.0 0.0 0.6 0.0 0.1 
10.4 57.4 1.9 0.1 0.8 3.0 0.0 0.0 0.8 0.0 0.2 
11.2 63.2 12.4 0.0 3.7 5.7 0.0 0.0 2.2 0.0 0.0 
14.0 51.9 7.0 0.0 1.2 2.6 0.2 0.0 31.9 0.0 0.1 
6.7 86.6 3.5 0.3 0.0 0.6 0.3 0.0 0.0 0.0 0.0 
8.6 71.9 8.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 
13.0 78.4 1.3 0.0 0.6 1.2 0.0 0.0 0.0 0.3 0.0 
10.3 78.1 6.4 0.2 0.4 1.3 0.2 0.2 0.0 0.0 0.0 
6.1 9.2 57.6 1.3 1.3 1.3 2.6 0.0 0.9 0.0 0.0 
8.4 71.1 Il.2 0.2 1.6 2.7 0.2 0.0 1.4 0.0 0.0 
15.7 62.4 6.5 0.1 1.1 2.2 0.0 0.3 1.3 0.0 0.1 
7.9 76.7 9.6 0.0 2.2 4.2 0.2 0.1 0.4 0.0 0.0 
10.9 64.5 15.3 0.3 1.2 2.6 0.2 0.0 0.0 0.0 0.0 
9.0 72.3 11.9 0.1 0.9 2.7 0.4 0.0 0.1 0.0 0.0 
14.8 61.6 11.6 0.2 1.9 3.4 0.3 0.1 0.3 0.0 0.0 
20.1 56.9 7.8 0.2 3.2 5.6 0.4 0.0 0.3 0.2 0.0 
13.4 56. I 21.0 0.3 1.6 3.4 0.2 0.2 0.1 0.0 0.0 
11.8 70.2 10.9 0.2 1.5 2.3 0.3 0.1 0.2 0.0 0.0 
10.0 74.2 10.0 0.0 1.3 2.1 0.1 0.0 0.1 0.0 0.0 
10.9 72.1 4.4 0.1 0.2 1.1 0.1 0.0 0.2 0.0 0.0 
22.8 32.0 1.5 0.0 0.0 0.4 0.0 0.0 18.8 0.0 0.0 
14.2 62.8 0.4 0.0 0.2 0.6 0.2 0.0 11.6 0.0 0.0 
16.1 64.0 1.2 0.0 0.5 0.8 0.2 0.1 4.0 0.0 0.2 
18.4 58.6 3.1 0.2 0.4 1.2 0.1 0.0 4.5 0.0 0.2 
16.7 60.4 4.1 0.1 0.9 1.2 0.3 0.0 5.8 0.0 0.0 
27.4 33.3 3.0 0.0 1.2 2.0 0.2 0.2 8.6 0.0 0.4 
31.2 39.2 3.0 0.0 0.8 2.0 0.0 0.3 3.2 0.0 0.3 
13.2 69.4 0.0 0.0 0.1 0.1 0.0 0.1 9.2 0.0 0.0 
12.8 71.3 2.7 0.1 0.6 1.6 0.2 0.0 0.2 0.0 0.0 
10.6 70.0 5.7 0.6 0.4 0.8 0.2 0.1 0.0 0.0 0.0 
14.5 51.8 22.4 0.6 1.1 2.3 1.2 0.0 0.1 0.1 0.0 
20.9 38.1 23.8 0.0 1.2 2.3 1.1 0.0 0.4 0.0 0.0 
8.6 83.6 1.7 0.0 0.4 0.8 0.1 0.0 0.1 0.0 0.0 
10.1 74.9 0.9 0.0 0.1 0.1 0.0 0.0 5.7 0.0 0.2 
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1 2 3 4 5 6 7 8 9 10 II 12 
49 315 
50 505 
51 339 
52 261 
53 290 
54 301 
55 175 
56 . 347 
57 421 
58 479 
59 433 
60 657 
61 815 
62 333 
63 254 
64 366 
65 207 
66 205 
67 231 
68 236 
69 127 
70 297 
71 469 
12 400 
73 274 
14 2906 
15 450 
76 228 
77 204 
78 390 
79 435 
80 285 
81 2541 
82 236 
83 672 
84 506 
85 166 
86 1127 
87 1274 
88 428 
89 524 
90 238 
1231 
1650 
895 
881 
622 
1024 
717 
1592 
1107 
703 
986 
1971 
3027 
683 
1751 
663 
_ 
679 
335 
976 
158 
1561 
1024 
2799 
1816 
49526 
326 
354 
132 
5112 
1069 
249 
81659 
753 
2373 
1216 
584 
2770 
691 
1898 
1022 
573 
1.6 0.0 0.3 2.7 22.4 26.4 0.3 0.0 0.3 
0.0 0.0 0.6 4.4 15.9 22.9 1.0 0.0 0.6 
16.9 0.0 0.3 3.0 9.5 25.8 0.0 0.0 0.3 
10.0 0.0 0.0 1.2 15.8 25.3 0.4 0.0 0.8 
1.0 0.0 0.0 4.8 12.8 35.9 0.4 0.0 0.0 
40.0 0.0 0.0 9.3 34.6 6.5 0.0 0.0 0.3 
31.1 0.0 0.0 26.3 50.9 1.7 0.0 0.0 0.0 
43.9 0.0 0.3 16.2 37.3 6.2 0.3 0.0 0.3 
2.9 0.0 0.2 2.4 16.9 20.2 0.2 0.0 0.0 
0.4 0.0 0.0 0.2 1.0 28.6 0.4 0.0 0.2 
4.2 0.0 0.0 1.9 4.2 20.5 0.0 0.0 0.0 
0.0 0.0 0.0 0.2 0.5 9.7 0.0 0.0 0.0 
0.1 0.0 0.0 1.1 7.5 1.6 0.0 0.0 1.0 
0.3 0.0 0.0 0.3 6.3 39.5 0.8 0.0 0.0 
0.0 0.0 0.0 2.4 9.1 17.7 0.0 0.0 0.0 
0.3 0.0 0.0 1.6 7.1 14.2 0.7 0.0 0.0 
18.3 0.0 0.0 17.9 43.5 2.9 1.0 0.0 0.5 
37.6 0.0 0.0 23.9 51.2 2.0 0.0 0.0 0.0 
19.8 0.0 0.4 32.1 73.0 1.7 0.0 0.0 0.4 
0.0 0.0 0.0 3.8 10.2 22.9 0.4 0.0 0.0 
14.2 0.0 0.0 41.7 85.8 0.0 0.0 0.0 0.0 
8.7 0.0 0.4 12.1 28.9 7.4 0.5 0.0 0.0 
1.5 0.2 0.2 6.4 17.7 15.1 1.9 0.0 0.2 
0.5 0.0 0.0 4.8 12.3 12.9 0.8 0.0 0.0 
0.7 0.0 0.7 3.3 12.4 14.6 0.7 0.0 0.0 
0.3 0.0 0.0 0.1 0.7 0.2 0.0 0.0 0.3 
36.0 0.0 0.2 1.3 12.4 12.6 0.0 0.0 0.0 
14.5 0.0 0.0 1.8 16.7 21.1 0.4 0.0 0.0 
11.9 0.0 0.0 4.9 17.7 24.8 0.0 0.0 0.0 
11.3 0.0 0.0 2.1 8.5 8.2 0.0 0.0 0.3 
9.5 0.0 0.0 1.2 6.0 6.4 0.0 0.0 0.7 
36.6 0.4 0.0 4.9 11.2 7.9 0.0 0.0 0.0 
0.3 0.0 0.0 0.1 0.7 0.2 0.0 0.0 0.2 
10.2 0.0 0.0 6.4 11.9 22.9 0.0 0.0 0.0 
30.8 0.0 0.2 2.4 8.0 4.6 0.1 0.0 0.3 
46.3 0.0 0.0 1.4 6.4 2.7 0.0 0.0 0.2 
0.0 0.0 0.0 0.0 0.0 37.8 0.6 0.0 0.0 
46.7 0.0 0.0 1.4 7.5 3.7 0.0 0.0 0.5 
58.3 0.0 0.1 0.9 3.4 1.7 0.1 0.1 0.3 
12.2 0.0 0.0 1.4 7.9 16.8 0.4 0.0 0.0 
46.2 0.0 0.0 2.5 6.7 2.5 0.2 0.0 0.2 
6.3 0.0 0.0 2.1 7.1 13.4 0.4 0.0 0.0 
vious studies suggest that transport of fossilizable nental slopes off Norway and the Barents Sea. Trans- 
microplankton in water masses and sediment should be port in sea-ice may also explain the occurrence of 
considered as characteristic features of the Norwegian- certain acritarchs and chlorophycean algae in the sed- 
Greenland Sea. iments from the Greenland and Iceland seas. 
If episodic events such as lateral transport of sedi- Although these physical and sedimentological proc- 
ments happen frequently, they may be reflected in the esses distort the original biological signal, the distri- 
sediment by the occurrence of species such as P. bution of assemblages correlate with the distribution of 
fueroense. Lateral sediment transport may affect the surface water masses. If these signals can be clearly 
composition of assemblages especially on the conti- separated, fossil dinoflagellate cyst may be useful in 
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13 14 15 16 17 18 19 20 21 22 23 
19.7 21.7 1.1 0.0 0.0 0.3 0.0 0.0 20.0 0.0 0.0 
25.4 21.4 9.9 0.0 1.0 1.6 0.0 0.8 6.9 0.0 0.1 
24.6 18.0 2.4 0.0 0.6 0.9 0.6 0.9 69.6 0.0 0.3 
24.5 21.8 I .2 0.0 0.0 0.0 0.0 0.4 38.3 0.4 0.4 
26.9 20.0 2.4 0.0 0.4 0.4 0.0 0.4 30.1 1.7 0.0 
8.3 7.7 1.0 0.0 0.7 1.0 0.0 0.7 28.3 0.0 0.3 
3.4 4.6 1.7 0.0 0.6 0.6 0.0 0.0 56.9 0.0 0.0 
6.3 4.6 0.6 0.0 0.3 0.3 0.0 0.0 43.3 0.0 0.1 
20.4 35.9 2.1 0.0 0.4 1.1 0.0 0.0 9.3 0.2 0.2 
32.2 30.5 6.3 0.0 0.0 0.0 0.4 0.0 12.7 0.2 0.3 
22.9 47.6 0.5 0.0 0.2 0.2 0.0 0.0 17.6 0.2 0.2 
21.2 65.1 3.0 0.0 0.5 0.5 0.0 0.0 5.6 0.0 0.0 
17.2 65.4 6.5 0.0 0.5 0.6 0.1 0.0 0.4 0.0 0.1 
31.6 18.4 0.9 0.0 1.1 2.3 0.0 0.0 0.6 0.0 0.0 
14.6 50.4 5.5 0.0 1.6 2.0 0.0 0.8 2.8 0.0 0.3 
20.0 50.3 4.1 0.0 1.6 3.2 0.0 0.0 1.4 0.0 0.1 
18.4 14.0 0.5 0.0 1.0 1.0 0.0 0.0 13.0 0.0 0.0 
3.4 4.4 I.0 0.0 0.0 0.5 0.0 0.0 50.2 0.0 0.5 
0.4 1.7 2.1 0.0 0.0 0.4 0.0 0.0 54.0 0.0 0.0 
12.7 48.3 3.0 0.0 2.1 2.9 0.0 0.0 11.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.7 0.0 0.0 
15.9 34.1 2.4 0.0 1.0 1.7 0.0 0.0 3.4 0.0 0.0 
20.5 39.2 1.5 0.0 1.9 1.9 0.0 0.0 6.2 0.0 0.5 
17.3 52.1 2.8 0.0 0.8 1.6 0.0 0.0 2.5 0.0 0.5 
21.9 45.3 1.8 0.0 1.5 1.9 0.0 0.0 6.2 0.0 0.2 
2.9 1.9 93.3 0.0 0.3 0.4 0.0 0.0 0.3 0.0 * 
17.9 13.8 6.0 0.0 0.7 1.1 0.0 0.0 25.6 0.0 0.7 
20.6 25.0 1.3 0.0 0.0 0.4 0.0 0.0 33.3 0.0 0.9 
27.0 16.7 2.0 0.0 0.0 0.0 0.0 0.0 144.0 0.0 0.0 
19.9 2.6 48.5 0.0 0.0 0.5 0.0 0.3 11.6 0.0 0.0 
10.8 12.0 53.8 0.0 0.2 0.9 0.0 0.0 13.8 0.0 0.0 
20.0 14.8 8.1 0.0 0.4 1.1 0.0 0.0 16.2 0.0 0.0 
3.5 3.3 90.7 0.0 0.2 0.8 0.0 0.1 0.7 0.0 0.0 
25.9 27.5 0.9 0.0 0.4 0.8 0.0 0.0 12.3 0.0 0. I 
12.1 39.6 2.1 0.0 1.5 2.2 0.0 0.0 2.8 0.0 0.2 
9.7 31.9 1.6 0.0 1.2 1.2 0.0 0.2 2.1 0.0 0.1 
28.4 32.0 0.0 0.0 0.6 1.2 0.0 0.0 15.7 0.0 0.0 
10.0 28.3 2.0 0.0 1.2 1.4 0.0 0.0 2.0 0.0 0.1 
6.8 26.8 1.2 0.0 0.4 1.2 0.0 0.2 1.8 0.0 0.1 
17.8 42.6 0.7 0.0 0.9 1.6 0.0 0.0 8.2 0.2 0.1 
9.5 31.3 2.7 0.0 0.4 0.8 0.0 0.0 1.3 0.0 0.2 
24.4 44.5 2.1 0.0 1.3 1.3 0.0 0.4 12.6 0.0 0.0 
reconstructing both past surface water masses as well 
as transport mechanisms such as surface current sys- 
terns and lateral advection of sediments in the oceanic 
realm. 
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and an anonymous reviewer are gratefully acknowl- 
edged. I thank A. Schrijder-Ritzrau who carefully drew 
most of the figures. I would also like to thank the mas- 
Acknowledgements ters and crews of RV Meteor, PRV Polar-stem and RV 
Poseidon for their excellent help at sea. This investi- 
gation was in part financially supported by the DFG in 
Bonn (SIB 3 13 Publication No. 228). 
I want to thank W. Brenner for stimulating discus- 
sions and reading an earlier version of the manuscript. 
332 J. Matthiessen /Marine Micropaleontology 24 (I 995) 307-334 
References 1992, Dinoflagellate contributions to the deep sea. Ocean Bio- 
coenosis Ser., 5: 45-75. 
Aagaard, K. and Carmack, E.C., 1989. The role of sea ice and other 
freshwater in the arctic circulation. J. Geophys. Res., 94(ClO): 
14485-14498. 
Deflandre, G. and Cookson, l.c., 1955. Fossil microplankton from 
Australian Late Mesozoic and Tertiary sediments. Aust. J. Mar. 
Freshw. Res., 6(Z): 242-323. 
Anderson, LG. and Jones, P., 1992. Tracing upper waters of Nansen 
Basin in the Arctic Ocean. Deep-Sea Res., 39: S425-S433. 
Abelmann, A., 1992. Diatomassemblages in Artic seaice-indicator 
for ice drift pathways. Deep-Sea Res., 39: S525-S538. 
Balech, E., 1974. El genero “Pratoperidinium” Bergh 188 1 (“Per- 
idinium” Ehrenberg, 1831, partim). Mus. Argentino Cienc. Nat. 
“Bemadino Rivadavia” Inst. Nat. Invest. Cienc. Nat., Rev., 
Hidrobiol., 4( 1): l-79. 
Bint, A.N., 1988. Recent dinoflagellate cysts from Mermaid Sound, 
northwestern Australia. Mem. Assoc. Australas. Palaeontol., 5: 
329-341. 
Blaume, F., 1992. Hochakkumulationsgebiete am norwegischen 
Kontinentalhang: Sedimentologische Abbilder topographie- 
gefilhrter Strdmungsmuster. Ber. SFB 313, Univ. Kiel, 36: l- 
150. 
Blindheim, J., 1989. Cascading of Barents Sea bottom water into the 
Norwegian Sea. Rapp. P. R. Gun. Cons. Int. Explor. Mer., 188: 
49-58. 
De Vernal, A., Goyette, C. and Rodriguez, C.G., 1989. Contribution 
palynostratigraphique (dinokystes, pollen et spores) a la con- 
naissance de lamer de Champlain: coupe de Saint-Cesaire, Que- 
bec. Can. J. Earth Sci., 26( 12): 2450-2464. 
Dickson, R.R., Meincke, J., Malmberg, S.-A. and Lee, A.J., 1988. 
The “Great Salinity Anomaly” in the northern North Atlantic 
1968-1982. Prog. Oceanogr., 20: 103-151. 
Dietrich, G., 1969. Atlas of the Hydrography of the Northern Atlantic 
Ocean. Int. Count. Explor. Sea, Copenhagen, 140 pp. 
Dodge, J.D. and Harland, R., 1991. The distribution of planktonic 
dinoflagellates and their cysts in the eastern and northeastern 
Atlantic Ocean. New Phytol., 118: 593603. 
Edwards, L.E. and Andrle, V.A.S., 1992. Distribution of selected 
dinoflagellate cysts in modem marine sediments. In: M.J. Head 
and J.H. Wrenn (Editors), Neogene and Quatemary Dinoflag- 
ellate Cysts and Acritarchs. Am. Assoc. Stratigr. Palynol. Found., 
Dallas, pp. 259-288. 
Belch, C.J. and Hallegraeff, GM., 1990. Dinoflagellate cysts in 
recent marine sediments from Tasmania, Australia. Bot. Marina, 
33: 173-192. 
Eide, L.K., 1990. Distribution of coccoliths in surface sediments in 
the Norwegian-Greenland Sea. Mar. Micropaleontol., 16: 65- 
75. 
Bourke, R.H., Paquette, R.G. and Blythe, R.F., 1992. The Jan Mayen 
Current of the Greenland Sea. J. Geophys. Res., 97(C5): 7241- 
7250. 
Gade, H.G., 1986. Features of fjord and ocean interaction. In: B. 
Hurdle (Editor), The Nordic Seas. Springer, Heidelberg, pp. 
182-189. 
Bradford, M.R., 1975. New dinoflagellate cyst genera from the recent 
sediments of the Persian Gulf. Can. J. Bot., 53: 3064-3074. 
Bujak, J.P., 1984. Cenozoic dinoflagellate cysts and acritarchs from 
the Bering Seaand northern North Pacific, DSDPIeg 19. Micro- 
paleontology, 30(Z): 180-212. 
Graf, G., 1989. Bentbic-pelagic coupling in a deep-sea community. 
Nature, 341: 437439. 
Biltschli, 0.. 1873. Einiges tlber lnfusorien. Arch. Mikrosk. Anato- 
mie, 9: 657677. 
Carstens, J. and Wefer, G., 1992. Recent distribution of planktonic 
foraminifera in the Nansen Basin, Arctic Ocean. Deep-Sea Res., 
39: S507-S524. 
Graham, D.K., Harland, R., Gregory, D.M., Long, D. and Morton, 
A.C., 1990. The biostmtigraphy and chronostratigraphy of BGS 
borehole 78/4, North Minch. Scott. J. Geol., 26: 65-75. 
Gran, H.H. and Braarud, T., 1935. A quantitative study of the phy- 
toplankton in the Bay of Fundy and the Gulf of Maine (including 
observations on hydrography, chemistry and turbidity). J. Biol. 
Bd. Can., 1: 279467. 
Dale, B., 1976. Cyst formation, sedimentation, and preservation: 
factors affecting dinoflagellate assemblages in recent sediments 
from Trondheimsfjord, Norway. Rev. Palaeobot. Palynol., 22: 
39-60. 
Harland, R., 1973. Quatemary (Flandrian?) dinoflagellate cysts 
from the Grand Banks, off Newfoundland, Canada. Rev. Palaeo- 
bot. Palynol., 16: 229-242. 
Dale, B., 1977. New observations on Peridinium faeroense Paulsen 
( 1905), and classification of small orthoperidinioid dinoflagel- 
lates. Br. Phycol. J., 12: 241-253. 
Dale, B., 1983. Dinoflagellate resting cysts: “benthic plankton”. In: 
G.A. Fryxell (Editor), Survival Strategies of the Algae. Cam 
bridge Univ. Press, Cambridge, pp. 69-136. 
Dale, B., 1985. Dinoflagellate cyst analysis of Upper Quatemary 
sediments in core GIK 15530-4 from the Skagerrak. Nor. Geol. 
Tidsskr., 65: 97-102. 
Harland, R., 1982. Recent dinoflagellate cyst assemblages from the 
southern Barents Sea. Palynology, 6: 9-18. 
Harland, R., 1983. Distribution maps of recent dinoflagellate cysts 
in bottom sediments from the North Atlantic Ocean and adjacent 
seas. Palaeontology, 26(Z): 321-387. 
Harland, R., 1988. Quatemary dinoflagellate cyst biostratigraphy of 
the North Sea. Pa&ontology, 31(3): 877-903. 
Harland, R. and Sharp, J., 1986. Elongate Spiniferites cysts from 
North Atlantic bottom sediments. Palynology, 10: 25-34. 
Harland, R., Reid, PC., Dobell, P. and Norris, G., 1980. Recent and 
sub-recent dinotlagellate cysts from the Beaufort Sea, Canadian 
Arctic. Grana, 19: 21 l-225. 
Dale, B., 1992. Dinoflagellate contributions to the open ocean sedi- Head, M.J. and Wrenn, J.H., 1992. A forum on Neogene and Qua- 
ment flux. In: B. Dale and A.L. Dale, 1992, Dinoflagellate con- ternary dinotlagellate cysts and acritarchs (edited transcript of 
tributions to the deep sea. Ocean Biocoenosis Ser., 5: 1-31. round table discussion). In: M.J. Head and J.H. Wrenn (Editors), 
Dale, 8. and Dale, A.L., 1992. Dinoflagellate contributions to the Neogene and Quatemary Dinoflagellate Cysts and Acritarchs. 
sediment flux of the Nordic Seas. In: B. Dale and A.L. Dale, Am. Assoc. Stratigr. Palynol. Found., Dallas, pp. l-31. 
J. Matthiessen /Marine Micropaleontology 24 (1995) 307-334 333 
Hillaire-Marcel, C. and De Vernal, A., 1989. Isotopic and palyno- 
logical records of the Late Pleistocene in Eastern Canada and 
adjacent ocean basins. Geogr. Phys. Quat., 43(3): 263-290. 
Hopkins, T.S., 1991. The GIN Sea-A synthesis of its physical 
oceanography and literature review 1972-1985. Earth&i. Rev., 
30: 175-318. 
Honjo, S., 1990. Particle fluxes and modem sedimentation in the 
Polar Oceans. In: W.O. Smith, Jr. (Editor), Polar Oceanography, 
Part B: Chemistry, Biology, and Geology. Academic Press, San 
Diego, pp. 687-739. 
Honjo, S., Manganini, S.J. and Wefer, G., 1988. Annual particle flux 
and a winter out-burst of sedimentation in the northern Norwe- 
gian Sea. Deep-Sea Res., 35: 1223-1234. 
Jacobsen, D.M. and Anderson, D.M., 1986. Thecate heterotrophic 
dinoflagellates: Feeding behavior and mechanisms. J. Phycol., 
22: 249-258. 
Jansen, E. and Bjorklund, K., 1985. Surface ocean circulation in the 
Norwegian Sea, 15,000 BP to present. Boreas, 14: 243-257. 
Jensen, P., Rumohr, J. and Graf, G., 1992. Sedimentological and 
biological differences across a deep-sea ridge exposed to advec- 
tion and accumulation of fine-grained particles. Oceanol. Acta, 
15(3): 287-296. 
Johannessen, O.M., 1986. Brief overview of the physical oceanog- 
raphy. In: B. Hurdle (Editor), The Nordic Seas. Springer, Hei- 
delberg, pp. 103-127. 
Jones, G.A. and Keigwin, L.D., 1988. Evidence from Fram Strait 
(78”N) for early deglaciation. Nature, 336: 56-59. 
Kellogg, T.B., 1975. Late Quatemary climatic changes in the Nor- 
wegian and Greenland Seas. In: S.A. Bowling and G. Weller 
(Editor), Climate of the Arctic. Univ. Alaska, Fairbanks, pp. 3- 
36. 
Kipp, N.G., 1976. New transfer function for estimating past sea- 
surface conditions from sea-bed distribution of planktonic foram- 
iniferal assemblages in the Notth Atlantic. Geol. Sot. Am. Mem., 
145: 3-41. 
Koc Karpuz, N. and Schrader, H., 1990. Surface sediment diatom 
distribution and Holocene paleotemperature variations in the 
Greenland, Iceland and Norwegian Sea. Paleoceanography, 5: 
557-580. 
Koltermann, K.P. and Lilthje, H., 1989. Hydrographical atlas of the 
Greenland and Northern Norwegian Seas. Dtsch. Hydrogr. Inst., 
Hamburg, 274 pp. 
Lentin, J. and Williams, G.L., 1981. Fossil dinoflagellates: index to 
genera and species, 198 1. Bedford Inst. Oceanogr., Rep. Ser. BI- 
R-81-12, 345 pp. 
Lewis, J. and Dodge, J.D., 1987. The cyst-theta relationship of 
Protoperidinium americunum (Gran and Braarud) Balech. J. 
Micropaleontol., 6(2): 113-121. 
Mantell, CA., 1850. A pictorial atlas of fossil remains consisting of 
coloured illustrations selected from Parkinson’s “Organic 
remains of a former world”, and Artis’ “Antediluvian phytol- 
ogy”. H.G. Bohn, London, 930 pp. 
Matsuoka, K., 1985. Organic-walled dinoflagellate cysts from sur- 
face sediments of Nagasaki Bay and Senzaki Bay, West Japan, 
Bull. Fat. Lib. Arts, Nat. Sci., 25(2): 21-115. 
Matsuoka, K., 1987. Organic-walled dinoflagellate cysts from sur- 
face sediments of Akkeshi Bay and Lake Saroma, North Japan. 
Bull. Fat. Lib. Arts, Nagasaki Univ., Nat. Sci., 28( 1): 35-123. 
Matsuoka, K. and Bujak, J.P., 1988. Cenozoic dinoflagellate cysts 
from the Navarin Basin, Norton Sound and St. George Basin, 
Bering Sea. Bull. Fat. Lib. Arts, Nagasaki Univ., Nat. Sci., 
29( 1): 1-147. 
Matsuoka, K. and Fukuyo, Y ., 1986. Cyst and motile morphology of 
a colonial dinoflagellate Pheopolykrikos hartmannii (Zimmer- 
mann) comb. nov. J. Plankt. Res., 8(4): 811-818. 
Matthiessen, J., 1991. Dinoflagellaten-Zysten im Spatquarhl des 
europlischen Nordmeeres: Palbokologie und Pal&o-Ozeanogra- 
phie. Geomar Rep. 7, 104 pp. 
McIntyre, A. and Be, A.W.H., 1967. Modem coccolithophoridae in 
the Atlantic Ocean-I. Placoliths and cyrtoliths. Deep-Sea Res., 
14: 561-597. 
McMinn, A., 1990. Recent dinoflagellate cyst distribution in eastern 
Australia. Rev. Palaeobot. Palynol.. 65: 305-310. 
McMinn, A., 1991. Recent dinoflagellate cysts from estuaries on the 
central coast of New South Wales, Australia. Micropaleontology, 
37: 269-287. 
Midttun, L., 1985. Formation of dense bottom water in the Barents 
Sea. Deep-Sea Res., 32: 1233-1241. 
Molina-Cruz, A., 1991. Holocene palaeo-oceanography of the north- 
em Island Sea, indicated by radiolaria and sponge spicules. J. 
Quat. Sci., 6(4): 303-312. 
Mudie, P.J., 1986. Palynology and dinoflagellate biostmtigraphy of 
deep sea drilling project Leg 94, sites 607 and 6 I 1, North Atlantic 
Ocean. Init. Rep. DSDP, 94: 785-812. 
Mudie, P.J., 1992. Circum-arctic Quatematy and Neogene marine 
palynofloras: paleoecology and statistical analysis. M.J. Head 
and J.H. Wrenn (Editors), Neogene and Quatemary Dinoflag- 
ellate Cysts and Acritarchs. Am. Assoc. Stratigr. Palynol. Found., 
Dallas, pp. 347-390. 
Mudie, P.J. and Short, S.K., 1985. Marine palynology of Baffin Bay. 
In: J.T. Andrews (Editor), Quaternary Studies of Baffin Island, 
West Greenland and Baffin Bay. Allen and Unwin, Boston, pp. 
263-307. 
Mudie, P.J., De Vernal, A. and Head, M.J., 1990. Neogene to recent 
palynostratigraphy of circum-arctic basins: Results of GDP Leg 
104, Norwegian Sea, Leg 105, Baftin Bay, and DSDP Site 611. 
lrminger Sea. In: U. Bleil and J. Thiede (Editors), Geological 
History of the Polar Oceans: Arctic versus Antarctic. Kluwer, 
Dordrecht, pp. 6099646. 
Ostenfeld, C.H., 1903. Phytoplankton from the sea around the 
Faeroes. In: Botany of the Faeroes, Part 2. Det Nordiske Verlag, 
Copenhagen, J. Weldon, London, pp. 558-612. 
Paquette, R.G., Bourke, R.H., Newton, J.F. and Perdue, W., 1985. 
East Greenland polar front in autumn. J. Geophys. Res., 9O(C3): 
48664882. 
Paulsen, 0.. 1905. On some Peridineae and planktonic diatoms. 
Meddr. Komm. Havunder., Ser. Plankton, l(3): 1-21. 
Paulsen, O., 1907. The peridiniales of the Danish waters. Meddr. 
Komm. Havunder., Ser. Plankton, l(5) : l-26. 
Petrushevskaya, M.G. and Bjorklund, K.R.. 1974. Radiolarians in 
Holocene sediments of the Norwegian-Greenland Seas. Sarsia, 
57: 33-46. 
Pflaumann, U., 1988. Plankton-Foraminiferen in der Sedimentober- 
flkhe. In: H. Hirschleber, F. Theilen. W. Balzer, B. von Bod- 
334 J. Matthiessen /Marine Micropaleontology 24 (199.5) 307-334 
ungen and J. Thiede (Editors), Forschungsschiff Meteor, Reise 
7 vom 1.06. bis 28.08.1988. Ber. SFB 313, Univ. Kiel, 10: 175- 
177. 
Pistek, P. and Johnsen, D.R., 1992. A study of the Island-Faeroe 
Front using GEOSAT altimetry and current-following drifters. 
Deep-Sea Res., 39: 2029-2051. 
Quadfasel, D. and Meincke, J., 1987. Note on the thermal structure 
of the Greenland Sea gyres. Deep-Sea Res., 34: 1883-1888. 
Quadfasel, D., Rudels, B. and Kurz, K., 1988. Outflow of dense 
water from a Svalbard fjord into the Fram Strait. Deep-Sea Res., 
35: 1143-l 150. 
Reid, P.C., 1972. Dinoflagellate cyst distribution around the British 
Isles. J. Mar. Biol. Assoc. U.K., 52: 939-944. 
Reid, P.C., 1974. Gonyaulacacean dinoflagellate cysts from the Brit- 
ish Isles. Nova Hedwigia, 25: 579637. 
Reid, P.C., 1975. A regional sub-division of dinoflagellate cysts 
around the British Isles. New Phytol., 75: 589-603. 
Reid, PC., 1977. Peridiniacean and glenodiniacean diuoflagellate 
cysts from the British Isles. Nova Hedwigia, 29: 429463. 
Reid, P.C., 1978. Dinoflagellate cysts in the plankton. New Phytol., 
80: 219-229. 
Romero-Wetzel, M.R., 1989a. Struktur und Bioturbation des Mak- 
robenthos auf dem V&big-Plateau (Norwegische See). Ber. SFB 
313, Univ. Kiel, 13: l-204. 
Romero-Wetzel, M.R., 1989b. Branched burrow-systems of the 
euteropneust Stereobalanus canadensis (Spengel) in deep-sea 
sediments of the Voting Plateau, Norwegian Sea. Sarsia, 74: 85- 
89. 
Rossignol, M., 1963. Apercus sur le developpement des hystrichos- 
pheres. Mus. Nat. Hist. Nat. Bull., Ser. 2, 35: 207-212. 
Rossignol, M., 1964. Hystrichospheres du Quatemaires en Mediter- 
m&e orientale, dans les sediments Pleistociines et les boues 
marines actuelles. Rev. Micropaleontol. 7: 83-99. 
Rudels, B., 1989. The formation of polar surface water, the ice export 
and the exchanges through the Fram Strait. Prog. Oceanogr., 22: 
205-248. 
Samtleben, C. and Bickert, T., 1990. Coccoliths in sediment traps 
from the Norwegian Sea. Mar. Micropaleontol., 16: 39-64. 
Samtlehen, C. and Schrijder, A., 1992. Living coccolithophore com- 
munities in the Norwegian-Greenland Sea and their record in 
sediments. Mar. Micropaleontol., 19: 333-354. 
Sarjeant, W.A.S., 1970. The genus Spiniferites Mantell, 1850 (Dino- 
phyceae). Grana, 10: 74-78. 
Schrader, H. and Koc Karpuz, N., 1990. Norwegian-Iceland Seas: 
transfer functions between marine planktic diatoms and surface 
water temperature. In: U. Bleil and .I. Thiede (Editors), Geolog- 
ical History ofthe Polar Oceans: Arctic versus Antarctic. Kluwer, 
Dordrecht, pp. 337-361. 
Scott, D.B., Mudie, P.J., Vilks, G. and Younger, D.C., 1984: Latest 
Pleistocene-Holocene paleoceanographic trends on the conti- 
nental margin of eastern Canada: foraminiferal, dinoflagellate 
and pollen evidence. Mar. Micropaleontol., 9: 181-218. 
Smart, J.H., 1984. Spatial variability of major frontal systems in the 
North Atlantic-Norwegian Sea area: 1980-81. J. Phys. Ocean- 
ogr., 14: 185-192. 
Stockmarr, J., 1971. Tablets with spores used in absolute pollen 
analysis. Pollen Spores, 13(4): 616-621. 
Stover, L.E. and Evitt, W.R., 1978. Analysis of pre-Pleistocene 
organic walled dinoflagellates. Stanford Univ. Publ., Geol. Scis., 
15: l-300. 
Swift, J.H., 1986. The Arctic Waters. In: B. Hurdle (Editor), The 
Nordic Seas. Springer, Heidelberg, pp. 129-153. 
Swift, J.H. and Koltermann, K.P., 1988. The origin of Norwegian 
Sea deep water. J. Geophys. Res., 93(C4): 3563-3569. 
Turon, J.-L., 1980. Dinoflagellts et environnement climatique. Les 
kystes de dinoflagelles dam les sediments recents de I’ Atlantique 
uord-oriental et leurs relations avec l’environuement oceanique. 
Application aux depots Holocenes du Chenal de Rockall. Mem. 
Mus. Hist. Nat. Paris, B27: 269-282. 
Van Aken, H.M., Quadfasel, D. and Warpakowski, A., 1991. The 
Arctic Front in the Greenland Sea during February 1989: Hydro- 
graphic and biological observations. J. Geophys. Res., 96(C3): 
47394750. 
Vogelsang, E., 1990. Palb-Ozeanographie des Europaischen Nord- 
meeres an Hand stabiler Kohlenstoff- und Sauerstoffisotope. Ber. 
SFB 313, Univ. Kiel, 23: I-136. 
Wall, D., 1965. Modem hystrichospheres and dinoflagellate cysts 
from the Woods Hole Region. Grana Palynology, 6(2): 297- 
314. 
Wall, D., 1967. Fossil microplankton in deep-sea cores from the 
Caribbean Sea. Palaeontology, lO( 1): 95-123. 
Wall, D., Dale, B., Lohmann, G.P. and Smith, W.K., 1977. The 
environmental and climatic distribution of dinoflagellate cysts in 
modem marine sediments from regions in the North and South 
Atlantic Oceans and adjacent seas. Mar. Micropaleontol., 2: 12 I- 
200. 
Williams, D.B., 1971. The occurrence of dinoflagellates in marine 
sediments. In: B.M. Funnel1 and W.R. Riedel (Editors), Micro- 
palaeontology of the Oceans. Cambridge Univ. Press, London, 
pp. 231-243. 
Wilson, G.J., 1973. Palynology of the middle Pleistocene Te Piki 
bed, Cape Runaway, New Zealand; New Zealand. J. Geol. Geo- 
phys., 16: 345-354. 
Wrenn, J.H., 1988. Differentiating species of the dinoflagellate cyst 
genus Nematosphaeropsis Deflandre and Cookson 1955. Paly- 
nology, 12: 129-150. 
